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ABSTRACT OF THE DISSERTATION
Visual-Spatial & Visual-Motor Function in Pediatric Heart Transplant Recipients
by
Stephanie Dianne Griffone
Doctor of Philosophy, Graduate Program in Psychology
Loma Linda University, March, 2006
Dr. Kiti Freier, Co-Chairperson
Dr. Paul Haerich, Co-Chairperson
Heart surgery is commonly used to repair congenital heart defects and to perform
heart transplantation. The associated hypoxia before or during the surgery may cause
damage in the parasaggital area of the cerebral cortex, with resulting difficulty during
tasks requiring visual-spatial and visual-motor skills. This study compares the
performance of children who received a heart transplant during infancy to that of
nonclinical children with no medical complications on three visual-motor measures, three
visual-spatial measures, and two computerized visual-spatial tasks - a Block Design
Matching task and a Mental Rotation task. The children who received a heart transplant
achieved significantly lower scores than the nonclinical children on all three visual-motor
measures and all three visual-spatial measures. However, based on the tests’ norms, their
scores were significantly lower than expected for only two of the visual-motor measures.
For the computerized tasks, the children who received a heart transplant had a lower
accuracy than the nonclinical children on the Mental Rotation task, but they performed at
a similar level on the Block Design Matching task. For the Mental Rotation task,
accuracy was significantly lower when the stimuli were closer to upside down. There
were no significant differences between the groups’ response times for either task. On
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the Block Design Matching task, the children in both groups responded faster when the
images were the same and when the images were less complex. For the Mental Rotation
task, the children in both groups responded faster when the stimulus was a letter “R”
rather than when it was an “F” or a “G,” when the stimulus was a letter rather than a
mirror image of a letter, and when the stimulus was closer to the upright position.
Consistent support was found only for the hypothesis that children who received a heart
transplant would experience difficulty on the visual-motor measures. The differences
between the groups on the visual-spatial measures were probably due to a higher SES for
the nonclinical children, and the higher level of accuracy on the Mental Rotation task
might have been due to the complexity of the task or other skills required (e.g. working
memory).

Literature Review

Introduction
Open heart surgery was first performed more than forty years ago (Majnemer &
Limperopoulos, 1999). This technique is commonly used to repair congenital heart
defects. Heart transplantation is another option for infants and children with particular
cardiac defects (Fortuna, Chinnock, & Bailey, 1999). Both of these operations
customarily involve the use of cardiopulmonary bypass with hypothermia; this
combination is believed to reduce the hypoxia experienced. Early studies have reported
good medical outcomes with these procedures (e.g. Stevenson, Stone, Dillard, & Morgan,
1974; Wright, Hicks, & Newman, 1979). However, some concerns have been raised
about the cognitive development of those infants and children who have undergone these
procedures. Specifically, visual-motor coordination has been noted to be one area of
particular concern; this might be due to damage in the watershed area of the cerebral
cortex, sustained due to hypoxia during the cardiopulmonary bypass. Spreen, Risser, and
Edged (1995) note that the watershed area is particularly vulnerable to damage during
hypoxic events. This section will review the relevant literature on developmental
outcomes following pediatric cardiac surgery and transplantation, and it will also describe
some techniques used to assess visual-motor functioning in other populations.
Surgical Repair of Cardiac Defects: Neuropsychological Outcomes
An early study from Australia (Wright et al., 1979) reported on the development
of 32 children who had undergone heart surgery to repair a ventricular septal defect;
however, it included only limited information about cognitive development. Information
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about the children’s developmental progress was obtained by asking parents to “reply in
detail concerning physical (motor) and mental (intellectual) development” (p. 466). The
parents’ replies were then grouped into three categories: normal, slow, and serious
defect. The authors noted that parents frequently described slow progress in the children,
primarily in the areas of speech, writing, and concentration. However, no information
was provided about the rationale or basis for the three categories of intellectual
development. Also, the reliability of the parental reports may be questionable; despite
the claim that the reports were “consistent with professional evaluation” (p. 468), no
information was given regarding the professionals who may have evaluated the children
nor about what evaluations were performed.
A number of studies have provided more specific information about the
intellectual and developmental outcomes of children after heart surgery and the possible
associated hypoxia. Many of these have reported the scores of standardized tests
administered to the children at various intervals after the surgery; several have included
control groups, usually composed of the patients’ siblings; and a few studies have
obtained standardized testing prior to the surgery as well as after it. In general, these
studies have looked at the outcomes of various medical protocols and procedures,
including the use of hypothermia in varying degrees during the operation and the age of
the children at the time of the operation. However, some of these studies have faced
methodological challenges.
One of the earlier of these studies done by Stevenson et al. (1974) offered a
prospective look at 32 infants who had undergone surgery to correct a congenital heart
defect. Children with a variety of diagnoses were included in the study, such as
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transposition of the great arteries, ventricular septal defect, aortic stenosis, pulmonary
atresia, and tetralogy of Fallot. Twenty-one of the infants were formally tested with a
variety of standardized measures, serially when possible; the testing was conducted
between 1 and 80 months after the surgery. Nine of the patients had also been tested
prior to the surgery. The other 11 infants were not formally tested due to their distance
from the hospital, but developmental screening was conducted by their local
pediatricians. The results of this study indicated that 14 of the 21 children tested had IQ
scores between 94 and 134 and were of normal intelligence. The IQ scores for the other
seven children were below the normal range; four of these children experienced severe
postoperative problems. The lower scores of the other three were explained as probably
due to non-medical factors; one child spoke English as a second language (but was tested
in English), one child did not cooperate with the testing, and the final child’s score
seemed to be consistent with other family members. Regarding the scores for the nine
children who had been tested both before and after surgery, the mean score of the initial
testing was 103 and of the postoperative testing was 95; the authors noted that two of the
children were among those with significant postoperative difficulty. The authors noted
that the children were tested with a variety of instruments; they did not emphasize,
however, that this calls into question the calculation of mean scores. Also, eight of the
children were tested with a different instrument before the surgery than was used at the
postoperative assessment, making comparison of their scores pre- and post-surgery
methodologically questionable. All of the preoperative testing was done with the Gesell
Developmental Schedule and the Bayley Scales of Infant Development; no rationale was
provided for the choice of test with each child. The postoperative testing was done with
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six different tests, including the Stanford-Binet Intelligence Scale, the Wechsler
Intelligence Scale for Children, the Peabody Picture Inventory, and the Vineland Social
Maturity Scale. Computing mean scores from such a variety of measures is problematic
because not only is it unlikely that all of the tests measure the same construct, it is also
unlikely that the normative samples were similar enough to permit grouping the tests in
such a manner. Another methodological problem with the study is that for those children
who were tested more than once postoperatively, the best score was used. The authors
noted that this was usually the most recent test, but they did not provide information
about the number of children for whom this was not the most recent test, nor did they
provide information about how many of the children had been tested on more than one
occasion. This is a particular problem in light of the use of different measures; it may
have been the case that some tests inflated or deflated the children’s scores, and using
only the best scores could have inflated the group mean.
Other studies have also used more than one test of development or intelligence
and then grouped the scores together. Although this may facilitate calculation and
increase the statistical power of the study, it is a questionable technique, as discussed
above. Wells, Coghill, Caplan, Lincoln, and Kirklin (1983) used both the McCarthy
Scales of Children’s Abilities and the Wechsler Intelligence Scales for Children; the latter
was used for eight children who did not meet the age criteria for the McCarthy. The
study looked at the use and duration of circulatory arrest during surgery for repair of a
congenital heart defect and the relationship with later intelligence scores. The patients
had been diagnosed with a variety of defects, including transposition of the great arteries,
tetralogy of Fallot, and ventricular septal defect. The results of the study showed that the
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mean IQ score of the children who had undergone circulatory arrest was 11 points lower
than the score for patients who had undergone cardiopulmonary bypass, but this was not
statistically significant. When comparing the patients with their siblings, the mean IQ
score for those who had undergone circulatory arrest was 13 points lower, which was
statistically significant. The patients who had undergone cardiopulmonary bypass during
their surgeries had IQ scores similar to their siblings. The use of two different outcome
measures was particularly problematic in this study because of its inclusion of a control
group of siblings. Although the authors stated that the siblings were “matched closely for
age” (p. 824), the mean age was approximately 15 months older in the control group.
Thus, it is likely that a greater proportion of the siblings were given the WISC rather than
the McCarthy, and therefore comparing the mean scores of the patients and their siblings
may have been confounded by the unequal use of tests in the groups.
Jonas et al. (1993) also used two different outcome measures in their study
comparing two different methods of pH management during the hypothermic surgical
repair of a particular congenital heart defect. All infants had been diagnosed with Dtransposition of the great arteries with intact ventricular septum and all had undergone
surgical repair with the Senning procedure before the age of six months. Although Jonas
et al. used two different tests, both the Bayley Scales of Infant Development and the
McCarthy Scales of Children’s Abilities, the authors did specify that the fonner was
administered to the 4 patients who were younger than 30 months of age and the latter was
given to the 12 who were older than 30 months of age. The two groups were combined
because of the small number of participants; the mean score of 109 was in the Average
range. The scores ranged from 74 to 129, indicating that at least one of the children was
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below average. Again, the combining of different tests is somewhat problematic, but the
authors did at least provide information about the number of children to whom each test
was administered, and they did not compare between groups given different tests.
Although the socioeconomic status (SES) of the patients’ families tended to be high, no
information was given about a possible relationship between the child’s test score and the
family’s status.
Haneda, Itoh, Togo, Ohmi, and Mohri (1996) used two different instruments,
based on the ages of the patients, in their report on the intellectual functioning of 161
patients who underwent heart surgery to repair a variety of congenital defects, including
ventricular septal defect, tetralogy of Fallot, transposition of the great arteries, and atrial
septal defect. These authors analyzed the data separately and did not combine the scores
from the two tests. They also provided information about the number of children in each
age group and what their diagnoses were. Haneda et al. tested the children 1-2 weeks
prior to the reparative surgery and again 2-4 weeks after the surgery. For the younger
children, only those with ventricular septal defect who had undergone circulatory arrest
during their surgery had a statistically significant change in mean score; prior to the
surgery, the mean score was 90.7, but after surgery the mean score was 83.2. Also, the
patients who underwent circulatory arrest for durations longer than 50 minutes showed a
statistically significant change in mean score, from 93.7 before to 88.8 after the surgery.
For both of these groups, it is possible that hypoxia during the surgery had a negative
effect on the children’s cognitive functioning. For the older children, the IQ scores
tended to increase after surgery, and these differences were statistically significant in five
of the seven diagnostic groups. The primary methodological question in this study is to
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what extent the practice with the intelligence test contributed to the increase in IQ scores.
The administrations of the tests were 3-6 weeks apart, based on the reported intervals
before and after surgery, and this is a relatively short intertest interval. Thus, although
the information about the children’s functioning prior to the surgery is important and not
available in many of the studies reported in the literature, the comparison between
preoperative and postoperative functioning may be somewhat inaccurate due to the
effects of the recent practice on the postoperative test scores.
Blackwood, Haka-Ikse, and Steward (1986) also used the same assessment
instrument both before and after surgery. The children in their study had undergone
hypothermia with circulatory arrest during surgery to repair a cardiac defect; their
diagnoses included ventricular septal defect and transposition of the great vessels. Their
development was assessed 1-2 days before the surgery, with the postoperative testing
taking place 4-29 months later. The preoperative mean score of 90.0 was not
significantly different from the postoperative mean score of 92.6. Six of the 26 patients
had a difference of more than 10 points between their scores; four of these six had higher
scores after the operation. The development of these children was also compared to that
of 10 children who had undergone similar surgical procedures with the use of
cardiopulmonary bypass rather than circulatory arrest. The authors did not find any
significant differences between the two groups. Also, none of the medical variables
appeared to be related to the developmental outcomes. The authors noted that when
deficits were present, they tended to be in the areas of language and gross motor skills.
Although no specific evaluation of these areas was reported, it should be noted that these
two functions are both in the watershed area of the cerebral cortex and are thus
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particularly susceptible to hypoxia. Thus, it is possible that at least some of the children
experienced hypoxia, but it may not have been severe enough to impact their overall
cognitive functioning and was only evident in the functions based in the watershed area.
In an unusually well designed study, O’Dougherty, Wright, Gannezy,
Loewenson, and Torres (1983) discussed a number of medical risk factors that may
contribute to intellectual functioning after cardiac surgery. The patients in this report had
all been d iagnosed with transposition of the great arteries, which reduced the possibility
of error variance from different diagnoses. All of the children had undergone a Mustard
procedure to surgically repair the defect, and all had used cardiopulmonary bypass during
the operation. The Wechsler Intelligence Scales for Children - Revised (WISC-R), the
Peabody Individual Achievement Test (PIAT), and the Bender Visual Motor Gestalt Test
were among the outcome measures used in this study to assess the possible relationships
between intellectual functioning and a number of medical variables, including other
cardiac defects, the height and weight of the child at the time of surgery, the occurrence
of seizures during or after the surgery, the duration of the repair and cardiopulmonary
bypass, the duration of the hospitalization after the operation, and the child’s age at the
time of the surgery, which was used as an indication of the duration of hypoxia. The
socioeconomic status and current stress of the patients’ families were also determined and
included in the analysis of the data. The WISC-R gives a Verbal IQ (VIQ) score, a
Performance IQ (PIQ) score, and a Full Scale IQ (FSIQ) score. The results of the study
indicated that there was a moderate association between the family’s SES and the child’s
VIQ score, although this appeared to be an inverse relationship. The current stress level
of the family, as measured with a “modification of Coddington’s Life Events
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Questionnaire” (p. 1132) was significantly related to the children’s VIQ, PIQ, FSIQ, and
PIAT scores, as well as their performance on the Bender Visual Motor Gestalt Test.
Regarding the medical variables, children who underwent the reparative surgery at a
younger age performed significantly better on each of these measures. Also, a positive
relationship was seen between the children’s height before the operation and their current
VIQ, PIQ, FSIQ, and PIAT scores; children who had not had congestive heart failure had
significantly higher VIQ scores. Using a predetermined weight for the relevant medical
variables, risk scores were calculated for each child, and then each child was assigned to
one of three groups, low, mild, or high, based on the level of risk. There were significant
differences between the mean scores of these groups on each of the five outcome
measures. It should also be noted that unlike many published reports, O’Dougherty et al.
also reported the subtest scores, albeit in a figure. The children in the high risk category
earned significantly lower scores than the two lower risk groups on each of the WISC-R
subtests. Based on the figures, for all three groups, the lowest subtest scores among the
Performance subtests were found on the Block Design and Object Assembly subtests
(both measure visual-motor skills), although no information was provided about the
statistical significance of these differences in scores. The authors note in their
conclusions that their results “supported the hypothesis that the chronic hypoxia
associated with this cyanotic heart defect is adversely related to the child’s later
covcvpQiQnQQ, particularly perceptual-motor functioning [italics added]. Duration of
hypoxia also correlated negatively with subsequent intellectual functioning and academic
achievement” (p. 1138). This is one of the few studies to comment on both hypoxia and
any observed difficulty with visual-motor functioning in children who had undergone
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cardiac surgery. The authors noted that the effects of hypoxia seemed to be most strongly
related to visual-motor functioning, which is found in the watershed area.
Another study that noted a similar finding was conducted by Kern, Hinton, Nereo,
Hayes, and Gersony (1998), who studied children who had undergone the Norwood
procedure, a series of operations to correct a particular congenital heart defect,
hypoplastic left heart syndrome. The outcome measures used included the Wechsler
Preschool and Primary Scale of Intelligence - Revised (WPPSI-R) (this test yields scores
similar to those of the WISC-III), the Peabody Picture Vocabulary Test (PPVT), and the
Beery Visual Motor Integration Test (VMI); twelve children completed these
assessments. The study included a control group of ten children, made up of nine
siblings and one first cousin of the participants. These children were not given the
WPPSI-R, but 7 of them completed the PPVT, and 6 of them completed the VMI. The
FSIQ scores of the patients ranged from 46 to 93, with a median score of 88. The PIQ
scores ranged from 47 to 94, with a median score of 83, and the VIQ scores ranged from
55 to 103, with a median score of 91. The VMI scores ranged from 62 to 121, with a
mean score of 82, and the PPVT scores ranged from 67 to 102, with a mean score of 84.
These mean scores are lower than average; it is possible that hypoxia experienced before
or during the surgery affected the cognitive functioning of these children. When
compared to the control group, the children with hypoplastic left heart syndrome had
lower mean scores for both the VMI and the PPVT, although these differences were not
statistically significant. The authors did note a significant negative correlation between
the duration of the circulatory arrest and the PIQ score, although not with the VIQ score,
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again suggesting the possibility of hypoxia having a negative effect on the children’s
cognitive development, particularly in the area of visual-motor functioning.
Several studies have addressed visual-motor functioning in children who have
undergone cardiac surgery or, in one report, cardiac arrest. Morris, Krawiecki, Wright,
and Walter (1993) tested children who had been successfully revived after cardiac arrest;
20 of their 25 patients had congenital heart disease. The assessment battery included two
measures to assess visual-spatial and visual-motor functioning: Beery Developmental
Test of Visual-Motor Integration (VMI) and the Gestalt Closure subtest of the Kaufman
Assessment Battery for Children (K-ABC). The mean score for the VMI was 82.7, and
the mean score of the Gestalt Closure subtest of the K-ABC was 95.7. The latter
instrument may be a better measure of visual-spatial functioning, whereas the VMI
requires visual-motor skills. Thus, although it is difficult to compare standard scores of
different measures based on different normative samples, it appears that the visual-motor
functioning may have been more impaired than the visual-spatial functioning. It is likely
that these children experienced some degree of hypoxia during the cardiac arrest, and this
hypoxia may have been the cause of the difficulty with the visual-motor task.
Newburger, Silbert, Buckley, and Fyler (1982) found indications of difficulty
with perceptual motor functions in their study of children who had undergone a surgical
repair of a particular congenital heart defect. A shortened form of the Wechsler
Preschool and Primary Scale of Intelligence (four verbal subtests and three performance
subtests) was administered to 33 of the 38 children who had undergone Mustard’s
procedure to repair a defect of transposition of the great arteries. The mean score of 8.6
for the Geometric Design subtest was the only score significantly different from the other
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subtests and from the normative sample. The authors suggest that perceptual motor
function may be more impaired than other areas of cognitive function among children
with congenital heart defects. Again, because this is located in the watershed area, it is
not surprising that it would be particularly vulnerable to hypoxia.
Uzark et al. (1998) used the Stanford-Binet Intelligence Scale and the
Developmental Test of Visual Motor Integration (VMI) to assess outcomes in 32 children
who had undergone a Fontan procedure to surgically correct a congenital heart defect.
The diagnoses of the patients included tricuspid atresia, pulmonary atresia with intact
septum, and hypoplastic left heart syndrome. The IQ scores obtained by the children
after the surgery ranged from 70 to 131, with a mean of 97.5. The VMI was administered
to 24 of the children; the scores ranged from 50 to 119, with a mean of 94.8. Uzark et al.
interpreted this as “suggesting a relative mild weakness in visual-motor integration” (p.
631). The only medical variable that was found to be associated with either of these
outcome measures was that the 5 children who had previously had cardiac surgery
utilizing deep hypothermic circulatory arrest, specifically a Norwood procedure, tended
to have a lower mean IQ score than children who had not undergone any circulatory
arrest (88.4 for the former group, 99.1 for the latter group). Thus, the cardiac condition
or the previous deep hypothermic circulatory arrest may have resulted in hypoxia, which
would then have been compounded by the later surgery; the resulting impairment in
visual-motor functioning is consistent with findings of other studies mentioned
previously.
Campbell et al. (1997) also noted difficulty with visual-motor integration among
the children in their report. This study utilized a methodology designed to identify subtle
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problems in psychoeducational and physical functioning among 48 children of average
intelligence who had undergone elective surgery to repair a congenital heart defect.
Although the diagnoses of these children are not given, it should be noted that 25 were
described as “acyanotic with surgically correctable cardiac defects” (p. 64) and the
remaining 23 were described as “cyanotic with surgically palliative cardiac defects” (p.
64). The Kaufman Assessment Battery for Children (K-ABC) was used to assess the
intelligence and academic achievement of the participants; use of this instrument allowed
all of the children in the study, who ranged in age from 4 years of age to 12 years of age,
to be tested with the same measure. The children were tested approximately 3 weeks
prior to the surgery and again one year after the surgery. It is important to note that this
intertest interval was fairly long and may thus reduce concerns about practice effects.
The Developmental Test of Visual Motor Integration (VMI) was administered before the
surgery, and again one, four, and twelve months after the child had been discharged from
the hospital. The VMI scores did not change significantly over time for either of the two
groups, but the mean scores were significantly lower for the group of children who had
been classified as cyanotic, in comparison both to the normative sample and to the mean
scores for the group classified as acyanotic. It should be noted that the cyanotic group
had experienced significantly more medical problems, including the number of prior
hospitalizations, postoperative complications, hours spent on a ventilator, and days spent
in the hospital (these may be associated with greater risk for hypoxia); also, because the
surgery performed was palliative rather than corrective, significant functional
improvement may have been less likely.
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Clarkson, MacArthur, Barratt-Boyes, Whitlock, & Neutze (1980) did not observe
visual-motor deficits in their study of children who had undergone cardiac surgery with
hypothermia and circulatory arrest. Although they were not looking for such deficits,
they noted that the 72 children in their study showed consistent performance on the
Stanford-Binet Scale and did not appear to have difficulty in any of the seven categories
reported, including visual-motor skills. However, it should be noted that this edition of
the Stanford-Binet Scale provided limited testing of visual-motor skills and actual
difficulties may have gone undetected.
Hovels-Gurich, Seghaye, Dabritz, Messmer, and Bemuth (1997) assessed, but did
not clearly report the findings for, the visual-motor functioning of a group of 77 children
who had been bom with transposition of the great arteries and had undergone surgery in
Germany to repair this congenital heart defect. Their outcome measures included
portions of the Frostig Developmental Test of Visual Perception, which was administered
to 33 of the patients; this instrument is designed to test visual perception and fine motor
function. Unfortunately, no information was provided about the selection process for
giving this instrument, and only limited information was included about the test results.
The authors report that fine motor dysfunction, defined as performance more than one
standard deviation below the mean, was seen in 22.1% of the patients. However, it is not
clear whether this was based solely on this test or on other instruments that were also
used, and no information was given about the visual-perceptual functioning of the
children. It is, however, possible that the 22.1% of children had difficulty with visual
perception as well.
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A study by Mahle et al. (2000) reported on several areas of cognitive functioning
among 28 children with hypoplastic left heart syndrome who had undergone two or three
palliative surgeries; the first of these was done during the first few weeks of life, and the
last of these, the Fontan procedure, was usually done around two years of age. The
children were between six and thirteen years of age at the time of assessment, with a
mean age of 8.9 years. The tests administered included the Wechsler Intelligence Scale
for Children, Third Edition and the Developmental Test of Visual Motor Integration. The
median score for the latter was 85.5, ranging from 57 to 109. This median score was
approximately one standard deviation below the test’s normed mean. However, this
score was similar to the median IQ scores, which ranged from 83 for the Performance IQ
to 90 for the Verbal IQ, suggesting that visual-motor skills were not significantly below
the expected level, based on their overall level of functioning. Other areas of functioning
assessed included language, achievement, and behavior. The median language score of
74 was almost two standard deviations below the test’s normed means. Learning
disabilities were noted in four children, and the behavior checklist noted elevations in the
clinical range for attention (five children) and for the anxious/depressed scale (six
children).
Kirshbom et al. (2005) also discussed several areas of cognitive functioning after
surgery; in this case, the surgery was to repair total anomalous pulmonary venous
connection in thirty children. The children underwent surgery within the first few months
of life, and they were tested approximately 6-17 years later (median 11.1 years of age).
The Wechsler Abbreviated Scale of Intelligence showed their mean full scale IQ to be in
the average range. Both Verbal and Performance IQs were also in the average range, but
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the latter was lower than would be expected, based on the test’s norms; all three mean
scores were between 92 and 99. The children in this study also scored lower than
expected, again based on the test’s norms, on the Beery-Buktenica Developmental Test of
Visual-Motor Integration and the Visuomotor Precision subtest of the NEPSY. The mean
score for the former were 89.5, nearly one standard deviation below the test’s normed
mean; the mean score for the latter was 8.4, approximately one-half standard deviation
below the subtest’s normed mean. However, although the authors did not report a
statistical comparison, these scores do not appear to be significantly below the IQ scores
for these children. The authors noted that their results were similar to another large study
with a similar population (the Boston Circulatory Arrest Trial); specifically, there were
“deficits in ‘motor function and visual-spatial skills’” (p. 1096). The children in this
study also had difficulty with the two subtests from the Tests of Everyday Attention for
Children, although the attention/concentration index score from the Children’s Memory
Scale (CMS) was well within the normal range. The mean score for the general memory
index from the CMS was 102, which is in the middle of the average range.
In summary, regarding the cognitive development of children who have
undergone surgery to repair a congenital heart defect, when difficulties are seen, they are
often found in the area of visual-spatial or visual-motor functioning. These are both
located in the watershed area and are thus particularly susceptible to damage during
hypoxic episodes. It should also be noted that the medical variables that have been found
to be related to cognitive functioning and visual-spatial or visual-motor functioning tend
to be those which risk a hypoxic event, such as a history of surgery.
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Heart Transplant Recipients: Neuropsychological Outcomes
Heart transplantation is one alternative for certain cardiac congenital defects.
However, some of the children who have received a heart transplant are at greater risk for
hypoxia prior to the surgery because they often must wait longer to have the surgery
because of the difficulty in finding a donor heart. Therefore, they are also at risk for
cognitive delays due to hypoxic events.
Several published studies have addressed the cognitive development of children
who received a heart transplant, but few have mentioned visual-motor functioning
specifically. One study based on pediatric heart transplant patients living in Italy (Parisi
et al., 1999), provided very limited information about the intellectual or developmental
progress of the children. The authors noted only that 32 of the 36 children in their study
had “normal growth, development, and neurologic outcome. All of them returned to
normal activities for their ages, including school and sports” (p. 277). No information
was provided about whether any of the children received special services or even whether
they had any difficulty in school.
Another study (Dunn et al., 1987) reporting on outcomes of pediatric heart
transplant recipients again gave fairly detailed information about the health and medical
outcomes but only limited information about intelligence or development. The authors
noted that the seven children who survived were all “in functional class I. All functioned
appropriately for their age, including attending school regularly and participating actively
in sports. There were no developmental delays apparent on clinical examination” (p.
340). No information was given about the school perfonnance of these children. Also,
no information was provided about what type of clinical examination was performed.
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Ikle, Hale, Fashaw, Boucek, and Rosenberg (2003) reported on the cognitive and
adaptive functioning of 26 children who had received a heart transplant at less than six
months of age, due to hypoplastic left heart syndrome. The Bayley Scales of Infant
Development II were administered to the 13 children younger than 36 months of age; the
group’s median score was significantly below what would be expected, based on the
test’s norms, for both their mental (88) and psychomotor (86.5) development. The
Wechsler scales were administered to the 13 older children, who ranged from four to 6V2
years of age; again, the mean scores of 88 - 91 were significantly lower than expected,
based on the tests’ normed means. No information was provided about individual
subtests, so no estimate of visual-motor functioning could be noted. The authors also
noted a significant correlation between outcome score and time waiting for transplant;
longer waits were associated with lower scores.
Wray, Long, Radley-Smith, and Yacoub (2001) reported on serial assessments for
81 children up to five years after a heart or heart-lung transplant. The children were
grouped by diagnosis of 26 with congenital heart disease, 39 with cardiomyopathy, 13
with cystic fibrosis, and 3 with primary pulmonary hypertension. The mean age at the
time of the transplant was 10 years, ranging from 3 months to 16 years. The British
Ability Scales were administered at 6 months, 12 months, 3 years, and 5 years after the
transplant, although not all of the children were at the appropriate age for the instruments
used at all of these follow-up periods. The study also included a comparison group of 44
healthy children, although these children were only assessed on one occasion. The scores
for the 81 children were within the average range, although they were significantly lower
than the scores for the healthy children in the control group. The authors suggested that
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this might be due to outdated norms for the test used, indicating that the children who had
received a transplant were functioning at a lower level. The authors also noted that,
although not statistically significant, the children with congenital heart disease
consistently achieved lower scores than the children diagnosed with cardiomyopathy or
cystic fibrosis.
The developmental outcomes of children who had received a heart transplant in
the first four months of life at the Loma Linda University Medical Center have been
published in at least three different reports that examined the outcomes of children who
had undergone various protocols of medical procedures (Baum, Cutler, Pricker, &
Trimm, 1991; Baum et al., 1993; and Eke et al., 1996). These outcomes were assessed
with the Bayley Scales of Infant Development, which provides developmental index
scores for both mental (MDI) and psychomotor (PDI) development. The patients were
tested at serially at 4, 8, 12, 18, and 30 months of age. Because the reported scores were
calculated in different ways, it is not possible to determine the overlap between the
subject groups. Baum et al. (1991) reported the mean scores (of the serial assessments)
for each of 29 patients in figures; their MDI scores ranged from 61 to 124 with a mean of
96, and the PDI scores ranged from 62 to 130, with a mean of 91. Baum et al. (1993)
reported the mean scores for the most recently available administration of the Bayley for
their 48 patients; their MDI scores ranged from 50 to 130, with a mean of 87, and the PDI
scores also ranged from 50 to 130, with a mean of 90. Eke et al. do not provide
information about how the mean scores for their 38 patients were determined; their MDI
scores ranged from 50 to 130, with a mean of 88, and the PDI scores also ranged from 50
to 130, with a mean of 91. Thus, although there was some variability in the
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developmental progress of the children who had received a heart transplant in infancy,
overall the mean scores for the group were in the lower end of the average range.
A more recent study of infant heart transplant recipients at the same institution
assessed the developmental outcomes for a different group of patients at a similar age
(Freier, Mallery, Baum, & Vaz, 1999). The Bayley Scales of Infant DevelopmentSecond Edition (BSID-II) were used to serially assess the development of 23 infants who
had received a heart transplant in the first year of life. The MDI mean scores ranged
between 95 and 75 over the four age groups described, and the scores tended to decrease
with increasing age. It was not known if a developmental lag was developing during that
time or if the tasks used to assess the younger infants were less sensitive to detecting
delays in the particular areas with which the heart transplant recipients have difficulty.
The PDI mean scores ranged between 75 and 85 over the four age groups. A significant
relationship was noted between the PDI scores during the initial assessment and the
number of serious medical events, such as infections and rejection episodes, prior to that
first testing session, with lower scores associated with a higher number of serious medical
events.
As the study continued, the children were assessed at older ages and additional
participants were assessed. Freier et al. (2004) reported on 39 children who were
assessed serially between 2 and 38 months of age. The PDI scores were in the mildly
delayed range up to 35 months of age, and they were within normal limits at 36 - 38
months of age. The MDI scores were within normal limits up to 17 months of age and in
the mildly delayed range from 18 months and older.

The authors suggested that the

decline in MDI scores was due to changes in the tasks required at the older ages; the
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older children had difficulty with the increasing demand on language skills and goaldirected problem-solving skills
Baum, Freier, Freeman, and Chinnock (2000) studied the cognitive functioning of
46 children 5-10 years after they had received a heart transplant in infancy. The tests
used included the Beery Developmental Test of Visual Motor Integration (VMI), the
Wechsler Preschool and Primary Scale of Intelligence - Revised (WPPSI-R), and the
Wechsler Intelligence Scale for Children - Third Edition (WISC-III). The mean score for
the VMI was 87, which is at the low end of the normal range; 52% of the children had
scores that were at least one standard deviation below the test’s normed mean. The
WPPSI-R was administered to the 23 younger children; all three mean IQ scores (verbal,
performance, and full scale) were between 74 and 76, which are in the borderline range
of intellectual functioning. The WISC-III was administered to the 23 older children; all
three mean IQ scores were between 86 and 89. Freier, Freeman, Griffone, and Baum
(1998) looked more specifically at particular areas of functioning within this group.
These authors reported that particular difficulty was noted on the VMI and on those
subtests of the WPPSI-R and WISC-III that assess visual-spatial and visual-motor
functioning. This was believed to be related to hypoxia experienced before or during the
transplant surgery.
In a more recent study by Mahle et al. (2006), four hospitals looked at the
neurodevelopmental outcomes of 47 children with hypoplastic left heart syndrome who
had undergone surgery for this congenital defect. Twenty-two children had received a
heart transplant, and twenty-five had undergone the Norwood procedure - 21 had three
operations, and the remaining four only required two. This multi-site study looked at
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several areas of cognitive functioning, including intelligence, achievement, language, and
visual-motor skills. The children were between 8 and 17 years of age at the time of
testing, with a mean age of 12.4 years. The mean full scale IQ, assessed with the
Wechsler Abbreviated Scale of Intelligence, was 86, which is nearly one standard
deviation below the test’s normed mean. The Beery-Buktenica Developmental Test of
Visual-Motor Integration (VMI) was also used; the mean scores were 75 for the children
who had undergone the Norwood procedure and 77 for the children who had received a
transplant. These VMI scores are somewhat lower than the scores obtained by Baum et
al. (2000) and suggest that visual-motor functioning was particularly difficult for these
somewhat older children. Achievement and language mean scores ranged from 76 to 93.
It is important to further explore these difficulties with visual-spatial and visualmotor functioning seen in heart transplant recipients. They appear to be part of the
sequelae of heart transplantation. However, it is not yet known whether the difficulty is
primarily visual-spatial or visual-motor.
Distinguishing Between Visual-Spatial and Visual-Motor Functioning
Few of the published reports have specifically addressed the visual-motor or
visual-spatial skills of the children who have undergone cardiac surgery either for a repair
or a transplant. Therefore, the relevant methodology will be reviewed for three studies
that did address these skills in different populations.
Boiler et al. (1984) studied adults diagnosed with Parkinson’s disease to assess
visual-spatial and visual-motor functioning. The authors noted that when “the tests used
for diagnosing visuospatial difficulties . . . require complex motor responses,... it [may
be] difficult to determine whether assessed impairments are due to deficits in spatial
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perception or to difficulties in planning and executing the required movements” (p. 485).
Boiler et al. therefore compared the performance of their participants with that of a
matched control group on five visuospatial tasks that required only simple motor
responses, as well as their performance on three tasks requiring more complex motor
responses. The participants in the control group performed better than those with
Parkinson’s disease on both the group of tasks requiring simple motor responses and on
the group of tasks requiring more complex motor responses. The authors noted that an
impairment in visuospatial skills was demonstrated because the performance difficulties
were present not only in tasks that required a complex motor response, but also in those
tasks that required only a minimal motor response. Also, they noted that the visuospatial
impairment did not appear to be related to intelligence, based on the participants’
performance on tests of intelligence. Thus, the authors made a compelling argument for
the presence of visuospatial impairment by separating those skills from the motor
components of the tasks, to the extent possible, and by demonstrating that this
impairment was not simply the result of an overall lower level of cognitive functioning.
Luoma, Herrgard, and Martikainen (1998) reported their findings of visuomotor
problems in 46 children who had been bom prematurely (at less than 32 weeks
gestational age) in Finland. A variety of assessment instruments were used in this study,
including the VMI; four verbal and four performance subtests of the Wechsler Preschool
and Primary Scale of Intelligence (WPPSI); the Florida Kindergarten Screening Battery
(FKSB), a visuoperceptual, match-to-sample task; and several subtests from the
Neuropsychological Investigation for Children (NEPSY): revised version, including
Dynamic Praxis, Kinaesthetic Feedback from Positions, Tactile Perception of Forms,
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Visuomotor Precision, Slopes of Lines, and Block Construction. In comparison to a
control group of 46 children bom at term and matched for age, sex, and parental
education level and occupational status, the preterm children scored significantly lower
on the VMI, on the performance section of the WPP SI, on the FKSB, and on each of the
NEPS Y subtests listed above. In discussing their results, Luoma et al. noted that the
preterm children achieved extremely low mean scores in tasks where visuomotor
coordination was primarily needed, i.e. Visuomotor Precision, VMI, and Mazes.
The tests were all paper and pencil tests, where visuospatial perception was also
important. .. They also had problems in visually discriminating rotated shapes
and directions of lines, (pp.27-28)
Luoma et al. believed the deficits were “primarily in the voluntary control of their hand
movements . . . associated with poor precision of tactile and kinaesthetic perception and
memory of arms and hands as well as poor ability to shift fluently from one set of
movements to another” (p. 28). Although visuoperceptual deficits were noted to be
present with the sensorimotor deficits, these skills were not as impaired as were the
sensorimotor skills. Thus, by using different instruments that had been designed to assess
both visual-spatial skills and visual-motor skills, the authors were able to determine
where the deficits lay with greater specificity.
Ross, Stefanatos, Roeltgen, Kushner, and Cutler (1995) also distinguished
between visual-spatial and visual-motor skills in their study of 56 girls diagnosed with
Ullrich-Tumer syndrome (UTS), in which all or part of the second X chromosome is
missing. The girls were divided into older and younger groups. Control groups were
used, with girls matched for verbal IQ, handedness, and socioeconomic status. Ross et al.
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used four instruments to assess visual-spatial skills - Motor-Free Visual Perception Test
(MVPT), Judgment of Line Orientation Task (JLO), Money Street Map Test, and Test of
Facial Recognition; and three to assess visual-motor skills - Developmental Test of
Visual-Motor Integration (VMI), Rey-Osterrieth Complex Figure Test (Rey-C), and the
Wechsler Intelligence Scale for Children - Revised (WISC-R) perceptual organization
factor. Regarding the performance on the visual-spatial tasks, in general the girls with
UTS had more difficulty than the girls in the control group. On the MVPT, the younger
girls with UTS achieved a significantly lower mean score than the girls in the control
group; however, there was no significant difference between the older girls with and
without UTS. No significant differences were observed between the girls with UTS and
the girls in the control group on the JLO in either age group. With the Money Street Map
Test, the younger girls performed similarly to the control group, but the older girls made
significantly more errors than the control group. On the Test of Facial Recognition, both
groups of girls with UTS obtained significantly lower scores than the control groups.
Regarding the performance on the visual-motor tasks, the girls with UTS performed at a
significantly lower level than the girls in the control group on all three tasks. The authors
note in their discussion that the different tasks involve the use of different cerebral
pathways and concluded that the functioning of the occipital-temporal pathway appeared
to have been compromised. Again, by using a variety of assessment instruments, the
authors were able to determine that their participants had difficulty with both visualspatial and visual-motor abilities.
While administering various tests during the data collection examining long-term
outcomes on infant heart transplant recipients, Freier et al. (1997) noted that the children
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who had received a heart transplant during infancy tended to have difficulty with several
tasks that require visual-motor skills. In particular, these children were observed to make
unusual errors during the Block Design subtest of the Wechsler Intelligence Scales for
Children - Third Edition (WISC-III). Based on the same data, Freier, Freeman, Griffone,
and Baum (1998) noted that these children had difficulty on several tasks that required
visual-motor skills. However, the assessment instruments used in that study did not
permit the investigators to examine whether the problems were due to difficulty with
visual-spatial skills or to visual-motor skills.
Effects of Hypoxia
The difficulty with visual-motor skills that several studies have noted to be
present in children who have undergone surgery to repair a cardiac defect or receive a
heart transplant is not surprising when the hypoxia that often accompanies
cardiopulmonary bypass is considered. Visual-motor processing is thought to be located
in the watershed area of the cerebral cortex. This is the region located in the areas
“between the end fields of the major cerebral arteries” (Volpe, 2001, p. 304). This
location makes them particularly “vulnerable to necrotic damage when there is a drop in
arterial blood pressure and a loss of oxygenated blood. The lesions are bilateral and often
symmetrical” (Spreen, Risser, and Edged, 1995, p. 273). As deVeber (1999) notes,
“watershed infarctions result from these areas being maximally damaged during global
hypoperfusion and to a lesser extent hypoxia” (p. 1103). Volpe “prefer[s] the more
descriptive term ‘parasagittal cerebral injury,’” (p. 303) to denote damage to this area,
and he defines this injury as “a lesion of the cerebral cortex and subcortical white matter
with a characteristic distribution, i.e., parasagittal, superomedial aspects of the cerebral
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convexities” (p. 303). He also notes that this injury is “characterized by necrosis of the
cortex and the immediately subjacent white matter; neuronal elements are most severely
affected” (p. 303). Volpe states that the pathogenesis of this injury “relates principally to
a disturbance in cerebral perfusion” (p. 304), and notes that "areas of necrosis are in the
border zones between the end fields of the major cerebral arteries. These border zones
are the brain regions most susceptible to a fall in cerebral perfusion pressure” (p. 304).
Volpe notes that among infants, the long-term sequelae of these injuries often include
“specific” intellectual deficits, such as disproportionate disturbances in the
development of language or of visual-spatial abilities or both. [He] believe[s]
these discrete intellectual deficits to relate particularly to the larger, posteriorly
located lesions (i.e., in posterior parietal-occipital-temporal regions) that reside
within areas of critical importance for many associative functions, especially
those relating to auditory and visual input and output and to a variety of visualmotor phenomena. (pp. 361-362)
Thus, the skills located in the watershed area, including language, visual-spatial, and
visual-motor skills, are among the most likely to be affected by hypoxia experienced
before, during, or after the surgery and cardiopulmonary bypass. These areas should be
studied in the children who have undergone such surgery, including cardiac repair or
heart transplant.
Problem Statement
The present study is designed to further explore the potential difficulties with a
visual-motor task that were observed in children who had received a heart transplant
during infancy. Specifically, these children had difficulty with the Block Design subtest
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of the WISC-III and the WPPSI-R. As discussed above, different studies have reported
varying degrees of impairment in various tasks following cardiac surgery with
hypothermia and cardiac arrest. The present study attempts to determine whether these
observed problems among heart transplant recipients are due to visual-spatial functioning
or whether the difficulty is primarily in the motor output. If the former is true, the
implication for the cognitive functioning is of more concern. Also, in order to verify that
difficulty with either task is not due to overall cognitive impairment, intelligence will be
screened.
Because some of the previous studies have noted cognitive impairment in children
undergoing reparative heart surgery, the present study includes a comparison group of
such children. These children experienced some of the same medical complications as
those who have received a heart transplant, such as cardiac surgery and hospitalization.
There are significant differences between these two groups, however. The children who
underwent reparative surgery were able to do so quite early, when needed, but those who
received a heart transplant may have been in poorer physical condition because of the
need to wait for an appropriate and available donor heart. Also, the children who have
received a heart transplant must continue to take immunosuppressant medication in order
to prevent rejection of the donor heart. These medications may affect the visual-spatial
or visual-motor skills of the children who take them. Finally, the children who have
received a heart transplant may have had more medical complications after the surgery
than those who underwent reparative surgery, including rejection episodes. Thus, this
comparison group shares some important similarities in the medical and surgical
experiences, but some differences are unavoidable. In addition, nonclinical children, who
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have no history of medical complications, will serve as a control group for comparison
purposes.
There are four hypotheses in this study.
1. The first hypothesis is that the children who have undergone surgery to repair a
cardiac defect or to receive a heart transplant will have more difficulty with the visualmotor tasks than those in the nonclinical control group.
2. The second hypothesis is that the children who have undergone heart surgery
will have more difficulty with the visual-spatial tasks than those in the nonclinical control
group.
3. The third hypothesis relates to the accuracy of the computerized visual-spatial
tasks and has three parts.
3a. The children who have undergone heart surgery will make more errors
than the children in the nonclinical control group during the Block Design
Matching task, described below.
3b. The children who have undergone heart surgery will make more
errors when the designs on this matching task are more complex.
3c. The children who have undergone heart surgery will make more errors
than the children in the nonclinical control group on the Mental Rotation
task, described below.
4. The fourth hypothesis relates to the response times during the computerized
visual-spatial tasks and also has three parts.

30
4a. The children who have undergone heart surgery will respond more
slowly than the children in the nonclinical control group during the Block
Design Matching task.
4b. The children who have undergone heart surgery will have slower
response times when the designs on this matching task are more complex.
4c. The children who have undergone heart surgery will respond more
slowly than the children in the nonclinical control group during the Mental
Rotation task.

Method

Participants
All participants were between the ages of 6 years and 10 years (see Table 1). The
experimental group was composed of children who had received a heart transplant at
Loma Linda University Children’s Hospital during their first year of life. Of the thirty
surviving children who met the initial criterion for age, thirteen were not invited to
participate due to their distance, two lived a moderate distance from Loma Linda but
parents did not return phone calls, two were not invited to participate because the primary
language spoken in the home is Spanish and the study documents were only available in
English, and two declined to participate. Of the eleven children who participated, three
were girls and eight were boys. Their cardiac diagnoses included: Cardiomyopathy,
Dilated (2); Aortic Stenosis, Critical (1); ‘D’ Transposition (VA Discordance) (1); and
Hypoplastic Left Heart Syndrome (7). For the children with the last diagnosis, four had
Hypoplastic Left Heart Syndrome, Classic; the others had variants. Two had Shone’s
Complex, and one had Hypoplastic Right Ventricle. Cardiomyopathy is a muscle
problem; the other diagnoses are complex congenital defects. Medications taken by the
children who had received a heart transplant included iron, multivitamins, aspirin,
Albuterol, Atarax, Captopril, Cardizem (CardiaXT)/ Diltiazem, Cellcept, Cyclosporine,
Imuran, Labetalol, Lipitor, Methotrexate, Neoral, Norvasc, Pravachol, Prograf, Qvar,
Rapamune, Singulair, Vasotec, and Verapamil. In addition, one child was taking
medication for Attention-Deficit/Hyperactivity Disorder, although the parent did not
recall the name of the medicine. Data regarding race/ethnicity were gathered in an open-
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ended format. The following descriptions were given: White or Caucasian, 4; Italian, 1;
Hispanic, 2; African-American, 1; and the remaining three children were described as
mixed-race: Caucasian/Hispanic, Caucasian/Asian, and Mexican/Indian.
The comparison group was composed of six children (five girls and one boy) who
had undergone surgery at the Loma Linda University International Heart Institute to
repair a congenital cardiac defect but did not receive a transplant (one of these
participants had undergone the surgery at a different hospital but received follow-up care
at the Loma Linda University International Heart Institute). However, data from two of
these children had to be excluded from analysis due to additional medical complications
(one girl had prenatal exposure to illegal drugs and the boy had had three additional
surgeries unrelated to the heart defect - two to repair hypospadias and one to repair a
hernia). Because this left only four children in the comparison group, they were excluded
from the statistical analyses; descriptive statistics were computed where appropriate. All
four participants were girls. All were diagnosed with Ventricular Septal Defect (VSD).
Specifically, the diagnoses were: VSD and parachute mitral valve, VSD and double
outlet right ventricle, VSD and pulmonary stenosis, and VSD and mitral regurgitation.
The race/ethnicity for each was described as: White & Black, Mexican American,
Hispanic/Indian (Cherokee), and Hispanic.
The control group was composed of 35 children with no known past or present
medical problems. There were 14 girls and 21 boys recruited from a local private
elementary school (« = 34) and a physician’s office (n = 1). Information regarding
race/ethnicity was not available for six of the children. Eleven of the children were
described as White or Caucasian. The remaining eighteen children were described as
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follows: Asian, Asian (Chinese), Asian (Korean), Asian American, Chinese-Caucasian,
Caucasian Korean American, 1/2 Caucasian & 1/2 Asian, Filipino, 1/2 Caucasian & 1/2
Filipino, Filipino-Assyrian, Indian (Asian), Caucasian & East Indian, Father - Asian
Indian & Mother - White, Afro-American, Black African American, African
American/Caucasian, English-Spanish, and 1/2 Navajo & 1/2 White.
Table 1
Mean Age, in Years, of Participants, by Group and Gender
Total

Bovs

Girls
Group

n

Age (SD)

n

Age (SD)

n

Age (SD)

Heart Transplant

3

7.43 (0.9)

8

8.47 (1.1)

11

8.18(1.1)

Repair Surgery

4

8.38 (1.3)

0

4

8.38 (1.3)

Nonclinical

14

8.23 (1.0)

21

8.00(1.1)

35

8.10 (1.0)

Total

21

8.14(1.0)

29

8.14(1.1)

50

8.14 (1.1)

Regarding the proportions of boys and girls in each group, a Chi-square analysis
with all 50 participants showed that there was a significant difference between the
observed and expected numbers of participants in each cell (x = 6.56,/? = .04).
However, a Chi-square analysis with only the 46 children included in the statistical
analyses (excluding the four girls in the heart repair surgery group) indicated that there
was not a significant difference (x2 = 0.58,/? = .4). Thus, the absence of any boys in the
heart repair group seemed to be the primary reason for the high Chi-square value when
all three groups were included in the analysis; there is no evidence of a significant
difference between the heart transplant and nonclinical groups in their gender
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proportions. A univariate analysis of variance (ANOVA) of age showed no significant
effects for group or gender.
Materials
Medical data. Several medical variables have been found to influence outcomes
after cardiac surgery; these include the length of time spent on cardiopulmonary bypass,
the length of the hospital stay, the lowest pH, the number of surgical procedures, and the
number of serious infections (Baum, et al., 2004). Perioperative variables noted to relate
to developmental outcome include cooling rate, deep hypothermic cardiac arrest time,
rewarming rate, temperature at minimum oxygen saturation, perfusion flow rate and
mean arterial pressure, and the change in temperature from the end of cardiac arrest to the
end of re warming (Gardner, 2004). This information was obtained from the medical
charts of the children in the heart transplant group and used for exploratory analyses.
Estimate ofIQ. In order to estimate each child’s intelligence, two subtests from
the Wechsler Intelligence Scale for Children (WISC-III, Wechsler, 1991) were givenInformation and Picture Completion. The Information subtest asks children to answer
questions about factual knowledge. The Picture Completion subtest asks children to
identify the most important missing part of several drawings of common objects. This
test is timed; each response must be given before the deadline in order to receive credit.
Both subtests are structured such that initial items are relatively easier, and the items
grow progressively more difficult throughout the subtest. Also, age-referenced scaled
scores are assigned for each subtest, based on the raw scores obtained. The scaled scores
are based on a mean of ten and a standard deviation of three. Sattler (1992) notes that
this combination of subtests is “effective as [a] screening tool” (p. 1070). The formula
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used to estimate the Full Scale IQ from these two subtests is: 2.9 x (sum of scaled subtest
scores) + 42. Campbell (1998) reported that these two subtests are less reliable and tend
to overestimate the Full Scale IQ by “approximately 4 points” (p. 433), but a popular and
more reliable combination, Vocabulary and Block Design, was not used due both to the
latter’s inclusion as a measure of visual-motor functioning in this study and to the
hypothesis that the parasaggital area of the brain (where these skills are located) is
particularly affected among children who have had heart surgery.
Visual-motor tasks. Three measures were used to assess the participants’ visualmotor skills. Like the subtests used to estimate intelligence, all three of the visual-motor
tasks are structured with initial items being relatively easier and later items growing
progressively more difficult. For each of these measures, age-referenced scaled scores
are assigned, based on the raw scores obtained. For the first two, the scaled scores are
based on a mean of ten and a standard deviation of three. For the third measure, the
scaled score is based on a mean of 100 and a standard deviation of 15.
The Block Design subtest from the WISC-III provides the participants with 2, 4,
or 9 two-color blocks and asks them to manipulate the arrangement of the blocks to
match a particular pattern, shown either on similar blocks or in a picture. This test is
timed, and additional points are awarded for quick performance on each item (after the
demonstration items).
The Block Construction subtest from the NEPSY - A Developmental
Neuropsychological Assessment (NEPSY; Korkman, Kirk, & Kemp, 1998) provides the
participants with solid-color cubes and asks them to build a three-dimensional object,
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shown in a picture. This test is also timed; for the more complex objects, an additional
point is given for quick performance.
The Beery-Buktenica Developmental Test of Visual-Motor Integration (VMI,
Beery, 1997) is an untimed paper-and-pencil task that asks the participants to copy
designs of increasing complexity. Criteria are listed for each design, in order to
determine whether or not it receives a score.
Visual-spatial tasks. Three measures were also used to assess the participants’
visual-spatial skills. Like the measures discussed above, these tasks are structured with
initial items relatively easier and later items progressively more difficult. For each of
these measures, as well, age-referenced scaled scores are assigned, based on the raw
scores obtained. The scaled scores for the first test are based on a mean of ten and a
standard deviation of three. The scaled scores for the latter two are based on a mean of
100 and a standard deviation of 15.
The NEPSY subtest Arrows shows children a bulls-eye type target surrounded by
eight arrows. The children are asked to choose the two arrows that point at the center of
the target. The items are progressively more difficult as the arrows are shorter and the
distracters point closer to the target. This task is not timed.
The Spatial Relations subtest from the Woodcock-Johnson III Tests of Cognitive
Abilities (WJ-III; Woodcock, McGrew, & Mather, 2001) is untimed and asks children to
determine which two or three shapes, of the six choices presented, are the correct shapes
that make up a target “puzzle” shape. The difficulty of the task increases throughout the
subtest; the pieces of the puzzle are rotated, and the distracters become more similar to
the correct answers.
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The VMI Developmental Test of Visual Perception asks the participants to choose
the shape or design that matches the model. As the items grow more difficult, the
number of alternatives increases from two to seven. The target shapes used are the same
ones that the children were asked to draw on the VMI, administered earlier. This test is
timed in its entirety; the test is terminated when the deadline is reached.
Computerized Block Design Matching task. A computerized Block Design
Matching task (LaMay, 1997) was developed for this study, with permission from the
Psychological Corporation (see Appendix A for letter confirming permission). The
rationale for asking the participants to complete the Block Design subtest in its standard
form, as well as determining if pictures of the designs from this subtest are the same or
different, is that the latter task removes most of the motor demands from the task and
essentially isolates the visual-spatial component. There are 12 different two-dimensional
patterns used as stimuli in the Block Design subtest; these are based on two, four, or nine
blocks. These patterns were replicated for presentation on a computer screen using the EPrime (Schneider, 2000) software platform. The designs were presented in pairs, using a
laptop computer, and participants were asked to indicate whether the two designs
presented on each trial were the same or different. The computer program recorded
relevant data, including accuracy and response time.
The designs were grouped into four categories based on the number of blocks
used and on the complexity of the design. The designs require two, four, or nine blocks,
and for the program, each pattern was paired with another pattern of the same number of
blocks. However, the WISC-III uses only 1 two-block design; therefore, 3 two-block
designs were created for the present study to ensure that the number of pairings was
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consistent. The WISC-III two-block design was paired with each of these three new
designs, but they were not paired with each other because the focus of the study was on
the designs actually used in the WISC-III. The items on the Block Design subtest are
presented such that the difficulty increases progressively throughout the twelve designs.
The four-block designs were determined, by visual inspection, to be of either easy or
moderately difficult complexity. For this program, one of the easy four-block designs
was created by enlarging the WISC-III two-block design, again to keep the number of
pairings consistent. The four-block designs were only presented with other four-block
designs of similar complexity. Similarly, the nine-block designs were only paired with
other nine-block designs; each of these designs was determined to be of difficult
complexity. Thus, there were four levels of complexity: two blocks easy, four blocks
easy, four blocks moderately difficult, and nine blocks difficult.
This pairing of block design stimuli within the same level of complexity produced
a 2 (same or different) X 4 (complexity) design and eight distinct trial categories or
conditions. For the two-block design, there were three “different” trials as the WISC-III
design was paired once with each of the three created comparison designs. For the 4
four-block designs of easy complexity, there were nine “different” trials as each of the
three original designs was paired with the created four-block design and the two other
easy designs. For the 5 four-block designs of moderately difficult complexity, there were
twenty “different” trials as all possible combinations were used for each design. For the
3 nine-block designs of difficult complexity, there were six “different” trials as all of the
possible combinations were used. Because this provided a greater number of “different”
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trials (38) than “same” trials (12), each of the “same” design pairs were presented twice,
for 24 “same” trials and a total of 62 trials overall.
The computerized Block Design Matching task began with several screens of
directions. In addition to the words appearing on the screen, all instructions were read
aloud by the examiner. The first screen showed the images of two matching patterns
composed of red-and-white squares. (Four-block designs were used for the directions.)
Above the squares were the written directions: “This game will ask you to decide if two
designs are the SAME or DIFFERENT[.] These two look exactly the same, so you
would press the SAME button.” The screen did not change until the child pressed the
“same” button. The second screen showed the images of two different red-and-white
squares; above them were the directions: “These two do not look alike. They are
different. So you would push the DIFFERENT button.” Again, the screen did not
change until the child pressed the correct button. The third screen showed only words.
At the top, it read: “In this game, you are to push the SAME button if you see two
designs that are exactly the same. You are to push the DIFFERENT button if the designs
are different or not alike. Let’s practice a few times,” and at the bottom, it read:

Press

any Button to Continue -.” When the child pressed any button, a stoplight image (a tall
rectangle with three empty circles) appeared; the top, red light appeared for 750 ms, then
the middle, yellow light appeared for 500 ms, and finally, the bottom, green light
appeared for 500 ms. This “ready” sequence was followed by a pair of designs
(described below). The designs remained on the screen until the child pressed either the
“same” or “different” button. (Pressing any other button had no effect.) The child was
then given performance feedback on a white screen; it was displayed for 1500 ms. If the
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response was correct, the writing was blue and stated: “You are Correct!/
Response l ime/

Seconds

% Average Percent Correct.” (The appropriate data were given.)

If the response was incorrect, the writing was red and stated: “Sorry, That was
Incorrect”; the latter two lines were the same as the feedback for a correct response.
After 6 practice trials, the screen showed at the top: “Now the game will continue.
Remember to press the SAME or DIFFERENT buttons as quickly as you can without
making a mistake,” and at the bottom, it read: “- Press and Button to continue

” [sic]

After each twenty trials, a break was offered; in the middle of a gray screen, the
following words appeared: “You may take a short break if you wish. Press any Button to
Continue.” The break continued indefinitely until the child pressed a button.
For the majority of the participants, the laptop computer used had a screen that
measured 33.8 cm (on the diagonal); the measurements in this paragraph relate to this
screen. Except where noted, all stimuli appeared against a grey background (where
appropriate, visual angles follow the measurements, based on a viewing distance of 75
cm). In the directions portion of the program, each of the four-block designs measured
9.8 cm wide (7.5°) and 9.1 cm high; each of the “virtual blocks” used within the design
measured 4.9 cm wide (3.7°) by 4.6 cm high. The two designs were separated by 2.0 cm,
and in total, the display measured 22.7 cm in width (17.2°). For the practice trials and the
data-collection portion of the program, the designs were surrounded by a black frame, 0.1
cm thick (the background remained gray). From the outer edges of the frames, they
measured 11.9 cm in width (9.1°) and height. The frames were separated by 0.8 cm, and
the overall display measured 24.6 cm in width (18.6°). For the two-block designs, the
virtual blocks used were 5.7 cm wide (4.4°) by 5.6 cm tall. This left 0.2 cm gaps of white
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space between the virtual block and the sides of the frame and 3.0 cm gaps of white space
on the top and bottom of the virtual blocks. For the four-block designs, the virtual blocks
used were 5.6 cm in width (4.3°) and height, with gaps of 0.2 - 0.3 cm on all sides of the
designs. For the nine-block designs, the virtual blocks used were 3.8 cm in width (2.9°)
and height, with gaps of 0.1 - 0.2 cm on the tops and sides of the designs. (It should be
noted that these gaps were only apparent when a red block was on the outside of the
design; the white parts were not delineated in any fashion, other than by the frame against
the gray background.) The stoplight ready signal measured 6.2 cm wide (4.7°) and 11.9
cm tall. Each of the circles inside had a diameter of 3.3 cm (2.5°).
Due to a temporary problem with the original laptop computer, six children used a
different laptop computer (four in the nonclinical group and two in the heart repair
surgery group). For these children, the screen measured 38.0 cm (on the diagonal, 4.2 cm
longer than the screen on the original computer), and the images were correspondingly
larger. However, the base of the laptop was also bigger, and the screen was thus further
from the edge of the table; the viewing distance was approximately 78 cm (visual angles
follow width, based on this longer viewing distance). The designs used in the directions
measured 11.8 cm wide by 11.0 cm high; each of the virtual blocks (still from the fourblock designs only) measured 5.9 cm in width (4.3°) and 5.5 cm in height. There was a
gap 2.4 cm wide between the two designs, and the total width of the display was 26.1 cm
(19.0°). For the trials, the frame was still 0.1 cm thick. The frames measured 14.2 cm
wide (10.4°) and 14.3 cm tall. The frames were separated by 0.9 cm, and the overall
display measured 30.4 cm in width (22.1°). For the two-block designs, the virtual blocks
were 6.8 cm in width (5.0°) and height, with gaps of 0.2 - 0.3 cm on the sides and gaps of
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3.7 cm on the top and bottom. The virtual blocks for the four-block designs also
measured 6.8 cm in width (5.0°) and height, with gaps of 0.2 - 0.3 cm on all sides of the
designs. For the nine-block designs, the virtual blocks measured 4.5 cm in width (3.3°)
and height, with gaps of 0.2 - 0.3 cm on all sides. The stoplight measured 7.4 cm wide
(5.4°) by 14.4 cm tall; the diameter for each of the circles was 4.0 cm (2.9°).
Computerized Mental Rotation task. A second computerized visual-spatial task
was selected in order to include a well-established task. Mental rotation has been studied
extensively since Shepard and Metzler’s 1971 report. Previous reports of sex differences
in visual-spatial ability have differed as to when an advantage for boys emerges. Johnson
and Meade (1987) reported an advantage at 10 years of age, but ambiguous results were
found for younger children. Merriman, Keating, and List (1985) noted an advantage for
boys as young as 9 years of age, their youngest age group, and Vederhus and Krekling
(1996) found an advantage for nine-year-old boys as well; however, Karadi, Szabo,
Szapesi, Kallai, and Kovacs (1999) did not find this advantage among the 9-year-old
children in their study. Platt and Cohen (1981) did not find any sex differences in their
study of 5- and 8-year old children, nor did Roberts and Bell (2000) find an advantage
among 8-year-old children, but Levine, Huttenlocher, Taylor, and Langrock (1999) noted
an advantage for boys by the age of 4 years, 6 months. These studies used a variety of
measures, and it is difficult to draw conclusions about when a sex difference in visualspatial ability is first apparent. At the least, there is not conclusive evidence for an
advantage for boys among children of the age in this study, and if there is an advantage, it
would likely be seen in any visual-spatial task chosen. As for the images to be used in
the mental rotation task, a number of different stimuli have been used, including
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geometric shapes and various figures. Letters have been used in several studies (e.g.
Booth et al., 2000; Kail, 1988, 1991; Kail, Pellegrino, & Carter, 1980) with adults and
children, and they were selected as the stimuli in this study as well.
The letters used in the Mental Rotation task were “F,

G,” and “R”; they were

presented as letters or reversed (a mirror image). These letters were selected because
their mirror images are distinct. They were presented at orientations of 0°, 60°, 120°,
180°, -120°, and -60°. This created a 3 (letter: F, G, or R) X 2 (letter or mirror) X 6
(degree of rotation) design, with 36 distinct trials. Each stimulus was presented twice for
a total of 72 trials; the presentation was random without replacement. Each possible
image was presented randomly, and all 36 were presented before any stimulus was
repeated. Data were collected for both accuracy and response time.
The directions for the Mental Rotation task were presented visually on the
computer screen; they were also read aloud by the examiner while she presented
additional visual aids. The background was white, and the directions, ready signal, and
stimuli were black. The first screen showed only words, stating: “This game will ask
you to decide if a letter is facing the regular way or a different way. If it is facing the
right way, it is a letter. If it is flipped over and facing the wrong way, it is NOT a letter.
Let’s try some examples.” Pressing the “NOT” button advanced the program to the next
screen (for each of the following screens, unless otherwise noted, the program only
advanced to the next screen after the correct button was pressed). The second screen
showed a capital G in the middle of the screen, and above it the following words
explained: “This is the letter G. If you see a letter, press the button that says ‘LETTER’.
[sic]” The third screen showed a reversed capital G in the middle of the screen; above it

44
was written: “This is a flipped over G. So it is NOT a letter. If you see one that is
flipped over like this, press the NOT button to say it is not a letter.” While reading the
instructions, the examiner demonstrated with a foam letter G (5.4 cm wide, 7.9 cm tall,
and 0.8 cm thick). The fourth screen showed, at the top, two capital Gs, rotated to 120°
& 60°, and under them it read: “Letters can be spun, or turned, but they are still letters.
See, these letters have been spun. But, if you turn them right-side up in your head, they
are still letters. .. When you see a letter that has been spun - press the LETTER button to
indicated [sic] that is [sic] is still a letter.” While reading these, the examiner again
demonstrated with the foam letter G. The fifth screen showed three reversed capital Gs,
presented at 0°, -120°, and 60°; beneath them, it read: “The flipped letters can also be
spun. But even when you spin them in your head, they face backwards and are not
letters. See, these are backwards. Even when you spin them in your head, [sic] When
you see one that is flipped, even if they [sic] have been turned, you are to press the NOT
button because it is not a letter.” Again, while reading the directions, the examiner
demonstrated with the foam G. The final screen of the directions read: “In this game,
you are to push the button that says “LETTER” if you see a letter, even if it has been
turned. You are to push the button that says “NOT” if it is a flipped over one, even if it
has been turned. Let’s practice a few times.” Pressing any button initiated the six
practice trials, which all used the letter G. Each trial began with a ready stimulus; the
word “Ready” appeared on the screen for 1000 ms. This was followed by the stimulus,
which was presented until the child pressed one of the two available response buttons, for
a maximum of 15 s. After each trial, during both the practice portion and the actual
program, the child was given performance feedback, which was displayed for 1500 ms.
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After correct responses, the words were blue and stated: “Correct!/
Response Time/

Seconds

% Average Percent Correct.” Appropriate data were given for

each trial. After incorrect responses, the words were red; the first line said: “Incorrect”
and the latter two lines were the same as for the correct responses. If the child did not
press a button within 15 s, the feedback was written in red and stated: “No response
detected.” During the practice trials, if a child appeared to be having difficulty with the
task (e.g., responding slowly or incorrectly), the examiner held up the foam letter in the
same position as the letter on the screen and demonstrated how to rotate it so that it
would be right-side up. Following the practice trials, the following appeared on the
screen: “OK, make sure you ask any questions you have. We are ready to begin with the
game. You will see G’s, F’s and R’s.” The examiner showed the child the foam G, as
well as a foam F and a foam R and briefly demonstrated rotations with regular and
reversed letters. If the child did not appear to understand the task after the practice trials,
the program was restarted in order to provide additional practice. If the child appeared to
understand the task and had no questions, pressing the “NOT” button initiated the trials.
No breaks were included in this task. After completing the 72 trials, the final screen read:
“That is the end of this game. You did very well!”
The Mental Rotation program was presented on the same laptop computer as the
Block Design Matching task; the one used for the majority of the participants had a
screen that measured 33.8 cm (on the diagonal). (Visual angles follow width
measurements, based on a viewing distance of 75 cm.) The “G”s that appeared in both
the directions and the program measured 1.8 cm wide (1.4°) and 1.9 cm tall. At 0° and
180°, the image was 1.8 cm wide (1.4°). At the other rotations (+/-600 and +/-1200), the
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images were 1.9 - 2.0 cm wide (1.5°). The “R”s were somewhat larger; they measured
2.7 - 2.8 cm in width (2.1°) and height. At the other rotations, the images were 3.3 - 3.7
cm wide (2.5° - 2.8°). The “F”s were 2.1 cm wide (1.6°) and 2.8 cm tall. At the other
rotations, the images were 2.8 - 3.4 (2.1° - 2.6°) cm wide. The “Ready” prompt was 2.9
cm wide (2.2°).
When the alternate computer was used, as described above, the images appeared
somewhat larger, but, again, the laptop screen was further from the table edge. (Viewing
angles follow width measurements, based on a viewing distance of 78 cm.) The “G”s
were 2.1 cm wide (1.5°) and 2.2 cm tall; at the other rotations, they were 2.3 - 2.4 cm
wide (1.7° - 1.8°). The “F”s were 2.5 cm wide (1.8°) and 3.2 cm tall; at the other
rotations, they were 3.3 - 4.1 cm wide (2.4° - 3.0°). The “R”s were 3.3 cm wide (2.4°)
and 3.2 cm tall; at the other rotations, they were 4.0 - 4.4 cm wide (2.9° - 3.2°). The
“Ready” prompt was 3.4 cm wide (2.5°).
For both of these computer tasks, Greenhouse-Geisser corrections were used to
protect against possible violations of the sphericity assumption in the repeated measures
analyses. Uncorrected degrees of freedom, corrected p values, and the correction factor
are presented.
Procedure
Participants in the experimental and comparison groups were referred from the
Loma Linda University International Heart Institute. The parents of the children were
contacted by telephone and invited to have their children participate in the study in
exchange for a gift certificate to a local store. After the experiment had been explained to
the child’s parent or guardian, if s/he agreed, an appointment for the psychology
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department was made. At the time of the appointment, informed consent and assent were
obtained (see Appendixes B and C for informed consent form and informed assent form,
respectively) and the screening questionnaire was completed (see Appendix D for
questionnaire). (One girl in the heart transplant group attended the elementary school
from which the children in the nonclinical group were recruited. After talking with one
of her parents by phone, the procedure followed was the same as for the children in the
nonclinical group.)
Participants in the nonclinical control group were recruited by means of
advertisements in pediatricians’ offices (see Appendix E for notice) or by a letter mailed
to, or sent home with, students at a local private elementary school (see Appendix F for
permission letter from school; see Appendixes G & H for letters sent home). For the
children whose parents called, based on the advertisement at the pediatrician’s office, the
experiment was explained by phone, and, if they agreed, an appointment was made for
testing at the psychology department. At the time of the appointment, informed consent
and assent were obtained (see Appendix I for informed consent form). For the children at
the school, if their parents agreed to have them participate, they signed the enclosed
informed consent form and screening questionnaire and returned it to the front office of
the school. A phone number was included in the forms in case of any questions. After
receiving the completed forms, attempts were made to contact all parents by phone, in
order to answer any questions or offer additional explanation of the study. For any
parents who did not answer the phone, a message was left, asking them to call within the
next week if they had any questions and noting that if they did not call, it would be
assumed that they had no questions and testing would begin with their child. Having
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already discussed the project with the classroom teachers prior to sending out the
paperwork, when it was time to test each child, the examiner walked to each child’s
classroom; the teacher called the child aside and introduced the examiner, who then
walked with the child to the room provided by the elementary school. On the way, the
examiner introduced herself and discussed the paperwork sent home and explained that
the child’s parent had given permission for the child to participate in the research study,
which was a school project for the examiner. Informed assent was obtained from each
child at the school, prior to beginning testing.
After informed consent and assent had been obtained from each parent/guardian
and child, the gift card was given to the child, and then testing began. For most of the
children, the first two tests administered were the VMI and the VMI Developmental Test
of Visual Perception. Following these, the two subtests of the NEPSY, Arrows and
Block Construction, were given. Next, the three subtests of the WISC-III, Picture
Completion, Information, and Block Design, were administered. The final test given was
the Spatial Relations subtest from the Woodcock-Johnson III Tests of Cognitive Abilities.
After these tests were completed, two computerized tests were administered. The laptop
computer was placed behind the response box on the table, so the screen of the laptop
computer was approximately 0.75 - 0.80 m from the edge of the table. Many children sat
so that their faces were approximately even with the edge of the table, but most children
shifted position during the computer program, so the distance to the screen varied as the
children squirmed.
The images were presented on the screen. Responses were recorded with a fivekey response box; the right-most key, coded green, indicated a same, or matching
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response, and the left-most key, coded red, indicated a different, or non-matching
response. In addition, a sheet of paper was placed at the top of the response box, with the
words “DIFFERENT” and “SAME” written at the bottom edge of the paper, closest to
the keys. The keys were positioned such that the dominant (right) hand of most
participants corresponded to the matching key. However, with children for whom the
dominant hand was the left hand, the response box was reversed so that the dominant
hand would still correspond to the matching key. The first computer test administered
was the Block Design Matching task.
After this, the Mental Rotation program was administered. The labels on the
paper, placed in a similar manner, for the response buttons for this task were
“DIFFERENT” and “SAME.” For this program, the response box was not reversed for
left-handed children. (An attempt to reverse the box was made for the first left-handed
child tested. However, after three times through the practice trials, she was still having
difficulty pressing the correct key, even though she understood the task. The response
box was returned to its original position, and another practice trial was given. It seemed
as if it made more sense to her to press the button that corresponded to the direction the
letter was facing. The response box was not reversed on this task for any other lefthanded participants.)
After completing the Mental Rotation task, the children were thanked again for
their assistance. For the children in the nonclinical group, an offer was made to walk
them back to their classroom.

Results

The data obtained were analyzed to determine whether or not they supported the
various hypotheses of the study. Prior to analysis, all data were screened for univariate
outliers and to determine whether the data were normally distributed. The results of these
screenings are discussed below in the relevant sections. For the measures with agereferenced scale scores, the scores for the children in the heart transplant group were
compared both to the test scores of the children in the nonclinical group and to the tests’
norms.
As noted above, because of the low number of participants in the heart repair
surgery group, this group was not included in the statistical analyses. However, mean
scores for this group will be given where appropriate. In general, their performance was
relatively similar to the children in the nonclinical group.
In an attempt to determine whether any observed difficulties with visual-spatial or
visual-motor tasks were due to particular problems in those areas or to compromised
functioning overall, IQ was estimated, based on scores from Information and Picture
Completion. Data were screened prior to analysis; for all three variables, Information,
Picture Completion, and estimated IQ, there were no significant outliers. The data were
analyzed for the groups separately and combined; the histograms and boxplots of the data
appeared to be normally distributed, particularly when the groups were combined. A ttest showed that there was a significant difference between the estimated IQ for the
nonclinical and heart transplant groups, /(44) = 4.40, p < .001. The children in the
nonclinical group had a significantly higher estimated IQ (M= 108.6, SD = 11.6) than the
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children in the heart transplant group (M= 90.8, SD= 12.1). The children in the heart
repair group appeared to have scores that were fairly similar to those of the children in
the nonclinical group (M= 108.0, SD = 17.6).
The first hypothesis of the study was that children who had received a heart
transplant (n = 11) would have more difficulty with the visual-motor tasks than those in
the nonclinical control group (n = 35). To test this hypothesis, the scores from the VMI,
Block Construction (NEPSY), and Block Design (WISC-III) were each analyzed with a
univariate analyis of variance (ANOVA). For each of these measures, data were
available from the 46 participants in both groups. The data were first screened for
normality and outliers; distributions were examined for each group separately as well as
for all of the participants combined, due to the smaller number of participants in the heart
transplant group. Overall, the histograms and boxplots of the data showed the
distributions for each of these three measures to be fairly close to normal with no
significant outliers.
For the VMI, an ANOVA was performed to compare the mean scores of the two
different groups of participants; there was a significant effect of group, F(l, 44) = 7.43, p
= .009; the children who had received a heart transplant (M= 87.8, SD = 10.6) had
significantly lower scores than the nonclinical children (M= 96.4, SD = 8.6). In addition,
a z-test showed that the mean score for the children in the heart transplant group was
significantly below what would be expected, based on the norms of the test, z = - 2.69, p
= .007. The scores for the children in the heart repair group appeared to be closer to,
although somewhat higher than, the scores for the children in the nonclinical group {M =
100.5, SD = 12.9).
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For the Block Construction subtest, an ANOVA showed a significant effect of
group for this measure as well, F(l, 44) = 8.28,/? = .006; the children who had received a
heart transplant (M= 8.5, SD = 3.3) had significantly lower scores than the nonclinical
children (M = 11.6, SD = 3.0). For this measure, the z-test for the children in the heart
transplant group as compared to standardized norms was not significant, although it does
suggest the possibility of a trend, z = - 1.61, /? = . 1. The mean score for the children in
the heart repair group appeared to be closer to the score for the children who had received
a heart transplant (M= 8.8, SD = 1.5).
For the Block Design subtest, an ANOVA again showed a significant effect of
group for this measure, F(l, 44) = 6.88,/? = .01, and again the children who had received
a heart transplant (M= 8.1, SD = 3.2) had significantly lower scores than the nonclinical
children (M= 11.7, SD = 4.1). Also, a z-test showed that the mean score for the children
in the heart transplant group was significantly below what would be expected, based on
the test norms, (z = - 2.11, /? = .04). The scores for the children in the heart repair group
appeared to be similar to those of the children in the nonclinical group (M = 11.8, SD =
2.8).
Overall, the first hypothesis appears to have been supported by the data. The
children who had received a heart transplant scored significantly lower than the
nonclinical children on all three of the visual-motor measures, and they scored
significantly below what would be expected, based on the tests’ norms, on two of the
measures, the VMI and the Block Design subtest, and there was a possibility of a trend on
the third measure, the Block Construction subtest.
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The second hypothesis of this study was that children who had received a heart
transplant would have more difficulty with visual-spatial tasks than those in the
nonclinical control group. To test this hypothesis, the scores from the VMI
Developmental Test of Visual Perception, Arrows, and Spatial Relations were analyzed
separately with univariate ANOVAs. For the first two measures, data were available for
all 46 of these participants, but the Spatial Relations subtest was not administered to one
girl in the nonclinical group, leaving 45 participants in that analysis. The data were first
screened for normality and outliers; distributions were examined for each group
separately as well as for the participants combined, due to the smaller number of children
in the heart transplant group. Overall, the histograms and boxplots of the data indicated
that the distributions for each of these three measures were reasonably close to nonnal
with no significant outliers.
For the VMI Developmental Test of Visual Perception, a univariate ANOVA was
performed; there was a significant effect of group, F(l, 44) = 7.60, p = .008; the children
who had received a heart transplant (M= 97.6, SD = 17.1) obtained significantly lower
scores on this measure than children in the nonclinical group {M= 111.5, SD = 13.7).
The z-test for this measure did not show a significant difference for the mean score of the
children who had received a heart transplant as compared to test norms. The scores for
the children in the heart repair group appeared to be similar to the scores for the
nonclinical children (M^ 113.0, SD = 6.8).
For the Arrows subtest, a univariate ANOVA was also performed, and a
significant effect for group was found, F(l, 44) = 5.84,p = .02; the children who had
received a heart transplant (M= 9.9, SD = 1.5) obtained significantly lower scores than
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the children in the nonclinical group (M= 12.1, SD = 2.8). The z-test for this measure’s
norms did not show a significant difference for the mean score of the children who had
received a heart transplant. The scores for the children in the heart repair group appeared
to be intermediate between the other two groups (M= 11.2, SD = 2.2).
For Spatial Relations, a univariate ANOVA was performed; there was a
significant effect of group, F(l, 43) = 5.82,/? = .02; the children who had received a heart
transplant (M= 99.2, SD = 9.0) had significantly lower scores than the nonclinical
children (M= 106.1, 5D = 8.05) on this subtest. The z-test for this measure did not show
a significant difference for the mean score of the children who had received a heart
transplant, as compared to test norms. The scores for the children in the heart repair
group appeared to be similar to those of the children in the nonclinical group (M= 108.8,
SD = 4.3).
There was mixed support for the second hypothesis. The children who had
received a heart transplant scored significantly lower than the nonclinical children on
each of the three visual-spatial measures. However, the children who had received a
heart transplant did not score significantly below the tests’ normed means on any of the
visual-spatial measures.
The third hypothesis of the study was that the children who had received a heart
transplant would make more errors than the nonclinical children during the computerized
visual-spatial tasks, both the Block Design Matching task and the Mental Rotation task.
Hypothesis three-a stated that the children who had received a heart transplant
would make more errors than the children in the nonclinical control group on the Block
Design Matching task. However, problems with this task were noted during data
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collection that necessitated the exclusion of one level of complexity from the analysis.
The block designs were presented as two square designs of red and white virtual blocks,
each surrounded by a thin black frame, against a gray background. This worked well for
the four- and nine-block designs, which were, in fact, square. However, the two-block
designs were rectangular; as noted earlier, there was white space above and below the
designs within the square black frame. This made the designs appear more complex. In
addition, one of the constructed designs for the 2-block condition was a mirror image of
the original design. (As noted above, there is only one two-block design on the WISCIII, so three additional designs were created to offer “different” trials.) This mirror image
seemed to be confusing to some of the children, who sometimes paused longer than usual
to study this pair of images. Although some correctly pressed the “DIFFERENT” button,
most of those who pressed the “SAME” button and received feedback that the response
was incorrect appeared confused or expressed surprise. When the original two-block
design subsequently appeared on the screen paired with itself or its mirror image, many
of these children had an unusually long response time. After observing this in the first
few participants, verbal instructions were added to clarify that if the designs were
different in any way, the child should press the “DIFFERENT” button. These additional
instructions did not appear to help, nor did any other variations attempted. Because the
accuracy and response times were both affected by this confusion, the data from the
lowest level of complexity were not included in the analyses.
The data from the remaining three levels of complexity were first screened for
normality and outliers. The distributions for all of these were negatively skewed, which
reflected the generally high accuracy with this task. No significant outliers were
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observed. An ANOVA showed no significant difference between the performance of
girls and boys. The data were analyzed with a mixed design ANOVA (the first two
factors were within participants; the last factor was between groups): 2 (Similarity: same
or different) X 3 (Complexity level: 2, 3, or 4) X 2 (Group: heart transplant or
nonclinical). There were no significant main effects for the accuracy of the Block Design
Matching task; the overall accuracy of the children who had received a heart transplant
(M= 0.94, SD = 0.04) was similar to that of the nonclinical children (M= 0.96, SD =
0.04). (For the accuracy of all groups, for each cell in the ANOVA, see Table 2.) The
children who had undergone heart repair surgery appeared to also make about the same
number of errors as the nonclinical children {M= 0.96, SD = 0.03). Hypothesis three-b
proposed that the children who had received a heart transplant would make more errors
on the more complex designs. However, there were no significant interactions on this
mixed design ANOVA, indicating that the children who had received a heart transplant
did not have significantly greater difficulty with the more complex designs.
The results of the Block Design Matching task did not support the first two parts
of the third hypothesis. The children who had received a heart transplant had a similar
level of accuracy to the nonclinical children, and they did not make more errors on the
more complex designs.
Hypothesis three-c related to accuracy for the Mental Rotation task and stated that
the children who had received a heart transplant would make more errors than the
nonclinical children on this task. The accuracy data for the Mental Rotation task were
first screened for normality and outliers. Again, there was a negative skew to the data,
reflecting the fairly high accuracy of many participants, but there were no significant
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Table 2
Mean Accuracy for the Block Design Matching Task by Group,
Complexity Level and Similarity
Different

Same
M

SD

M

SD

Repair Surgery

0.96

0.08

0.98

0.04

Heart Transplant

0.93

0.08

0.95

0.08

Nonclinical

0.94

0.07

0.97

0.04

Total

0.94

0.07

0.97

0.05

Repair Surgery

0.92

0.12

1.00

0.00

Heart Transplant

0.97

0.06

0.95

0.06

Nonclinical

0.95

0.09

0.98

0.04

Total

0.95

0.09

0.97

0.05

Repair Surgery

0.97

0.06

0.96

0.08

Heart Transplant

0.92

0.12

0.94

0.08

Nonclinical

0.93

0.10

0.98

0.05

Total

0.93

0.10

0.97

0.06

Complexity Group
Level
2

3

4

58
outliers. An ANOVA showed no significant difference between the performance of girls
and boys. The data were analyzed with a mixed design ANOVA (the first three factors
were within participants; the last factor was between groups): 3 (Letter: F, G, or R) X 2
(Mirror: no or yes) X 6 (Degree of rotation: 0°, 60°, 120°, 180°, - 120°, or -60°) X 2
(Group: heart transplant or nonclinical). A significant main effect was found for group,
F(\, 44) = 10.34,/? = .002; Figure 1 shows that the children who had received a heart
transplant (M= 0.75, SD = 0.18) responded less accurately than the nonclinical children
(M= 0.90, SD = 0.11). The children who had undergone a heart repair surgery had an
accuracy between the other two groups (M = 0.82, SD = 0.19).
Regarding other aspects of the Mental Rotation task, a significant main effect was
found for degree, F(5, 220) = 14.60,/? < .001, £ = .68. There was a significant effect for
the quadratic trend for degree F(l, 44) = 37.66,/? < .001, which reflects that accuracy
tended to be higher when the letters were closer to the upright position and lower when
they were toward the upside-down position. Significant interactions were seen for mirror
by degree, F(5, 220) = 15.53,/? < .001, £ = .76, and for mirror by degree by group, F(5,
220) = 6.30, /? < .001, £ = .76. These interactions appear to relate to the deeper “U”
shape of the curve for the letters rather than their mirror images; the accuracy was lower
for letters facing the correct way when they were toward the upside-down position than
the accuracy for mirror images of letters in these positions. In other words, when letters
were presented upside down, the children had more difficulty recognizing them as letters.
This was particularly true for the children who had received a heart transplant.
Hypothesis three-c was supported. The children who had received a heart
transplant had significantly lower accuracy than the children in the nonclinical group.
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Figure 1. Accuracy for the Mental Rotation task. Accuracy data for letters are presented
first, by degree, then for their mirror images, also by degree.
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The fourth hypothesis stated that children who had received a heart transplant
would have slower response times during the computerized visual-spatial tasks - both the
Block Design Matching task and the Mental Rotation task.
Hypothesis four-a stated that the children who had received a heart transplant
would have slower response times on the Block Design Matching task. The response
time data for the Block Design Matching task were adjusted prior to submission to
ANOVA. First, as discussed above, data for trials of the lowest level of complexity were
excluded. Second, the response times were excluded for trials in which the child
responded incorrectly. Finally, data were also excluded for trials in which the response
times were longer than 3000 ms; this was done to eliminate, or at least reduce inclusion
of, trials when the children were inattentive to the task. This duration was selected after a
preliminary look at the data showed that the majority of the response times were shorter
than 3000 ms. These adjustments did not exclude any participants from the analyses,
although it might have changed the number of trial on which the means were based; the
means were computed for each of the six cells in the design - 2 (Similarity) x 3
(Complexity) - prior to analysis. After these adjustments, the data were screened for
normality and outliers. This was done for each group separately, as well as for the two
groups of participants combined, due to the relatively small number of participants in the
heart transplant group. The histograms and boxplots reflected a fairly normal
distribution. No significant outliers were noted in the direction of overly fast responses,
and outliers of very slow responses had already been excluded, as explained above. Data
from all 46 children (35 nonclinical, 11 who had received a heart transplant) were
included in the analysis.
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An ANOVA showed no significant difference between the performance of girls
and boys. The data were analyzed with a mixed design ANOVA: 2 (Similarity: same or
different) X 3 (Complexity level: 2, 3, or 4) X 2 (Group: heart transplant or nonclinical).
There was not a significant main effect for group. There was a significant main effect for
similarity, F(l, 44) = 12.46,/? = .001; the children responded faster when the images
were the same (M= 1397.6 ms, SD = 300.1) than they did when there were two different
designs (M= 1472.9 ms, SD = 320.3), but there was no interaction with group (see Figure
2), although the response times appear to have been slower when the children in the heart
transplant group responded to stimuli that did not match. There was a significant main
effect for complexity, F(2, 88) = 15.27,/? < .001, £ = .99, but again, there was no
interaction with group. Hypothesis four-b stated that children who had received a heart
transplant would have slower response times when the designs were more complex. A
significant linear effect was found for level of complexity, F(l, 44) = 29.45,/? < .001,
indicating that the response times tended to be slower for the more complex designs; this
was generally true for all of the children.
Hypothesis four-a was not supported; there was no significant difference between
the children who had received a heart transplant and those in the nonclinical group in
their response times on the Block Design Matching task. Hypothesis four-b was
somewhat supported in that overall, the children in all groups had slower response times
with the more complex designs. However, the children who had received a heart
transplant did not display a greater complexity-associated slowdown than the nonclinical
children.

62

■■■■A

1800 -

A
V
Q-

Heart Surgery Same
Heart Transplant Same
Nonclinical Same
Heart Surgery Different
Heart Transplant Different
Nonclinical Different

......V

....-v..

a)
E
c

1600 y

0

I

E

c
o

1400 -

Q.
if)

0

cc.

1200 -

1000
2

3

4

Level of Complexity
Figure 2. Response times for the Block Design Matching task, by the level of
complexity and whether the designs were the same or different.
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Hypothesis four-c stated that the children who had received a heart transplant
would respond more slowly than the nonclinical children on the Mental Rotation task.
Before submission to ANOVA, the data were adjusted. First, the response times were
excluded for trials in which the children responded incorrectly. Also, data were excluded
for trials in which the response times were longer than 4000 ms; again, this was done to
eliminate, or reduce, inclusion of, trials when the children were inattentive to the task.
This duration was selected after a preliminary look at the data suggested that this would
include most of the trials, and thus it would only exclude those trials in which the
children were not performing the rotation promptly. A final adjustment was also made;
this task seemed to be more difficult than the Block Design Matching task, particularly
for some of the younger children. (A t-test showed that the accuracy for this task was
significantly lower than that for the Block Design Matching task, ^(45) = 4.27, p < .001.)
During the testing, the examiner observed that some of the children seemed to answer
randomly (based on their accuracy and their quick response times). Data from incorrect
trials had already been excluded, but there remained some trials with very quick response
times, correct solely by chance. In order to prevent these seemingly random response
times from “pulling the means down,” data were excluded for children whose accuracy
was lower than 70% on the test as a whole. This excluded four children from each group.
The data were then screened for normality and outliers. The histograms and boxplots
appeared to be close to a normal distribution. No significant outliers were noted in the
direction of overly fast responses, and outliers of very slow responses had already been
excluded, as explained above.
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An ANOVA showed no significant difference between the performance of girls
and boys. An attempt was made to analyze the data with a mixed design ANOVA: 3
(Letter: F, G, or R) X 2 (Mirror: yes or no) X 6 (Degree: 0°, 60°, 120°, 180°, - 120°, or
- 60°) X 2 (Group: heart transplant or nonclinical). However, because there were a
significant number of empty cells (due to data excluded for incorrect or slow responses),
only 18 children had complete data and could be included in the analysis (16 from the
nonclinical group and 2 from the heart transplant group). Although this analysis revealed
significant main effects for mirror and degree, it lacked power in many of the analyses
and did not seem to represent the participants well. In order for the analysis to include
data from more of the children in both groups, the data were averaged by category and
analyzed in separate repeated measures ANOVAs. (Data were still excluded for children
whose total accuracy was less than 70%.) Although this did not permit analysis of
interactions (two of which were significant in the original ANOVA - mirror by letter by
degree and mirror by letter by degree by group), it provided a better representation of
response times for each of the main factors for both groups (n = 31 nonclinical, « = 7
heart transplant). When the data were averaged for letter (e.g. “F” included all 6 degree
presentations of both letters and mirrors), the mixed design ANOVA revealed a
significant effect for letter, F{2, 72) = 4.99, p = .01, £ = .97, as well as an interaction
between letter and group, F{2, 72) = 3.30,/? = .04, £ = .97 (see Table 3 and Figure 3).
This appeared to reflect faster response times for the letter “R,” particularly among the
heart transplant recipients.
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Table 3
Mean Response Times, in ms, for the Mental Rotation Task,
by Letter and Group
M

SD

n

Letter

Group

F

Heart Transplant

1876.7

524.1

7

Nonclinical

1862.8

423.5

31

Total

1865.4

435.9

38

Heart Transplant

1951.6

486.1

7

Nonclinical

1964.7

415.3

31

Total

1962.3

422.1

38

Heart Transplant

1704.8

483.3

7

Nonclinical

1914.0

439.0

31

Total

1875.5

448.2

38
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Figure 3. Response times for the Mental Rotation task, averaged by letter.
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When the data were averaged for mirror, the mixed design ANOVA showed a significant
effect for mirror, ^(1, 36) = 12.45,/? = .001, £ = 1.00, but not for group (see Figure 4).
The children responded more quickly when the stimulus was a letter (M= 1780.0, SD =
438.4) than when the stimulus was a mirror image of a letter (M= 1974.3, SD = 409.9).
The ANOVA indicated that the interaction between mirror and group was not significant.
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Figure 4. Response times for the Mental Rotation task, averaged by stimulus type.
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When the data were averaged for degree of rotation, the mixed design ANOVA
showed a significant effect for degree, F(5, 180) = 15.38,/? < .001, e = .85, but not for
group (see Figure 5 and Table 4). There was also a significant quadratic effect, F(l, 36)
= 45.86,/? < .001, indicating that reaction times were slower when the angle of rotation
was close to 180°. The interaction between degree and group was not significant.
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Figure 5. Response times for the Mental Rotation task, averaged by degree of rotation.
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Table 4
Mean Response Times, in ms, for the Mental Rotation
Task, by Degree of Rotation and Group
M

SD

n

Nonclinical

1614.8

452.9

31

Heart Transplant

1475.7

320.7

7

Total

1589.1

431.2

38

Nonclinical

1881.5

510.4

31

Heart Transplant

2022.1

633.7

7

Total

1907.4

528.6

38

Nonclinical

2088.4

481.6

31

Heart Transplant

1927.5

577.2

7

Total

2058.8

496.0

38

Nonclinical

2264.0

366.3

31

Heart Transplant

2064.4

627.9

7

Total

2227.3

423.0

38

Nonclinical

1906.8

503.9

31

Heart Transplant

1794.0

516.4

7

Total

1886.0

501.1

38

Nonclinical

1766.5

438.4

31

Heart Transplant

1764.0

595.6

7

Total

1766.0

461.9

38

Degree

Group

0°

60°

120°

180°

-120°

-60°
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The exploratory analysis for the medical variables lacked power due to a small
number of participants in the heart transplant group. Nevertheless, the analysis resulted
in one significant correlation between the lowest pH measured and the Picture
Completion subtest (r = .860,/? = .028). Moreover, the size of several other correlations
was fairly large. Cohen (1992) has indicated that correlations of 0.3 indicate a medium
effect size, and correlations larger than 0.5 indicate a large effect size. All correlations,
with their probability levels and the number of participants in each analysis, are reported
in Appendix J; correlations larger than 0.3 are listed here.
Each medical variable with a correlation larger than 0.3, along with the number of
participants for whom data was available for that variable, is listed, followed by the
measures with which it correlated; following that, the size of the correlation is given. For
p-values, please see Appendix J, as noted above. Other than the VMI and Arrows, which
are already brief, the measures will be abbreviated as follows: Developmental Test of
Visual Perception (Visual), Block Construction (B Con), Picture Completion (Picture),
Information (Info), Block Design (B Des), and Spatial Relations (Sp Rel). The first
medical variables discussed are perioperative, or related to the transplant surgery. The
cooling time, or the length of time for the core body to be lowered during the surgery,
correlated with Visual and Sp Rel (r = - .31 and .54, respectively). The cooling rate, in
°C per minute, correlated with Sp Rel (r = - .44). The time spent on the bypass machine
correlated with Visual (r = - .35). The duration of the cardiac arrest correlated with
Visual and Info (r = .48 and .35, respectively). The lowest mean arterial pressure during
the surgery correlated with VMI, Visual, Arrows, Picture, and Info (r = .51, .59, .36, .30,
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and .35, respectively). The highest mean arterial pressure during the surgery correlated
with VMI, Picture, B Des, and Sp Rel (r = .38, .34, .39, and .34, respectively). The
average mean arterial pressure during the surgery correlated with VMI, B Con, Picture, B
Des, and Sp Rel {r = .61, .55, .62, .42, and .39, respectively). The minimum bypass flow
rate correlated with Visual, Arrows, and Sp Rel (r = .40, .44, and - .32, respectively)
when measured in liters per minute, and it correlated with VMI, Visual, Arrows, and B
Con (r = .37, .55, .37, and .34, respectively) when measured in ccs per kg per minute; this
latter measurement accounts for the differing weights of the infants at the time of surgery.
The maximum bypass flow rate correlated with Visual and Arrows (r = - .38 and .37,
respectively) when measured in liters per minute, and it correlated with B Con and B Des
(r = .54 and .41, respectively) when measured in ccs per kg per minute. The final two
medical variables do not relate to the transplant surgery. The lowest pH obtained in a
blood test during the hospital stay correlated with VMI, Visual, Picture, and Info (r = .53,
.63, .86, and .47, respectively). The birth head circumference correlated negatively with
VMI and Info (r = - .36 and - .34). Three of the medical variables did not correlate with
any of the measures at .3 or higher; these were the number of days spent in the hospital
after the transplant, the warming time during the surgery, and the warming rate.

Discussion

Heart surgery is frequently used to repair congenital heart defects and to perform
heart transplantation (Majnemer & Limperopoulos, 1999; Fortuna, Chinnock, & Bailey,
1999). Before and during these surgeries, however, the children with these congenital
defects or muscle problems are at risk for hypoxia, which can result in parasaggital
cerebral injury (Volpe, 2001). This injury is often associated with cognitive deficits in
the areas of language, visual-spatial skills, or visual-motor skills. This research study
attempted to determine whether the difficulties noted by children who have received a
heart transplant are due to visual-motor skills or to problems with visual-spatial skills or
both.
Hypotheses
Overall, the results reflect that the support for the hypotheses of this study is
equivocal. The first hypothesis, that children who had received a heart transplant would
have more difficulty with the visual-motor tasks than those in the nonclinical control
group, was generally supported. The children who had received a heart transplant did, in
fact, obtain lower standard scores than the children in the nonclinical group on all three of
the visual-motor measures. Furthermore, for two of the three measures, the scores of the
children who had received a heart transplant were also significantly below the tests’
normed means, and the third measure showed a trend. The VMI score of 87.8 is nearly
one standard deviation below the test’s normed mean, and the Block Design score of 8.1
is approximately two-thirds of a standard deviation below the subtest’s normed mean.
The Block Construction mean score of 8.5 is one-half of a standard deviation below the
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subtest’s normed mean. However, for the heart transplant children, their estimated IQ
was approximately two-thirds of a standard deviation below the test’s normed means,
which might suggest that, although the participants who had received a heart transplant
did have significant difficulty with the visual-motor tasks, this difficulty may not be
unique to a particular deficiency in their visual-motor functioning but may also reflect
overall lower functioning.
The second hypothesis, that children who had received a heart transplant would
have more difficulty with visual-spatial tasks than those in the nonclinical control group,
was only partially supported. Although the children who had received a heart transplant
obtained significantly lower scores than the children in the nonclinical control group on
all three of the visual-spatial measures, for all three of these measures, their scores were
not significantly below the tests’ normed means.
Upon examination of the results, perhaps the reason that the children who had
received a heart transplant scored significantly lower than the nonclinical children on the
visual-spatial measures is not that they have problems with their visual-spatial skills but
that the nonclinical children in this study had above-average visual-spatial skills. This is
possible, as the scores for all measures were above test means and the children in the
nonclinical group were recruited from a private school with many children from a high
SES family. SES has been shown to be positively correlated with measured intelligence
(McLoyd, 1998). The estimated IQ for the children in the nonclinical group was
approximately one-half standard deviation above the normed mean. This suggests that
the nonclinical children in this study did have above average visual-spatial skills, which
would explain the lack of deviation from the normed means of the tests by the children
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who had received a heart transplant. An alternative explanation could be that these
visual-spatial measures tend to inflate the scores; in other words, the children in their
norming samples might have set a lower standard than they should have. However, if
this were the case, then the heart transplant recipients could receive scores in the Average
range, even if their skills were lower than that. This explanation seems unlikely, in that it
would require all three measures used to inflate scores to approximately the same extent.
The most likely conclusion is that the children who received a heart transplant do not
have significant difficulty with their visual-spatial skills
The third hypothesis related to accuracy on the computerized visual-spatial tasks.
Hypothesis three-a stated that the children who had undergone cardiac surgery would
make more errors than the children in the nonclinical group during the Block Design
Matching task; this was not supported. All of the children responded to the Block Design
Matching task at a similar level of accuracy. Hypothesis three-b proposed that children
who had received a heart transplant would have decreasing accuracy with increasing
complexity of the designs. This was also not supported.
Hypothesis three-c stated that the children who had received a heart transplant
would have significantly lower accuracy than the nonclinical children on the Mental
Rotation task. This hypothesis was supported, which suggests that this visual-spatial task
was more difficult for the children who had received a heart transplant than for the
nonclinical children.
It is unclear why the children who had received a heart transplant performed at a
similar accuracy level as the nonclinical children on the Block Design Matching task but
made significantly more errors than the nonclinical children on the Mental Rotation task.
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The Block Design Matching task appeared to have been easier (both groups had
significantly higher accuracy levels and significantly faster response times on this task),
and therefore it might not have been sensitive enough to capture the differences between
the groups. The designs were not constructed to be similar to each other (and thus more
confusing); they are simply the ones used on the WISC-III. Many of them are quite
dissimilar to each other. The Mental Rotation task appeared to be more difficult for
many of the children, and several of the children seemed to have difficulty performing
the task. Some of these difficulties seemed to be related to age, which is consistent with
some other studies. Estes (1998) noted that for his mental rotation task, four-year-old
children had an accuracy of only 60%, whereas the six-year-old children had an accuracy
level of 83%. He also noted that a significantly smaller proportion of the children in the
younger group were “rotators” (p. 1349) who showed a pattern of increasing response
times with increasing degrees of rotation. Platt and Cohen (1981) noted that with their
mental rotation task, five-year-old-children made significantly more errors than the eightyear-old children. However, the age effect should not have affected the groups
differentially, because the ANOVA showed that the mean age of the children was not
significantly different between the groups. The mean age for the children in the
nonclinical group was 8.10 years, and for the children who had received a heart
transplant, the mean age was 8.18 years. Perhaps the reason that a higher proportion of
children in the heart transplant group had difficulty with the task (4 of the 11, compared
to 4 of the 35 nonclinical children, had accuracy lower than 70 %) is that a delay in the
development of their visual-spatial skills made them function at a level equivalent to a
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younger age. Excluding data from one-third of the children who received heart
transplants supports that this group had significant difficulty with this task.
A more likely possibility is that the lower accuracy of the heart transplant children
on the Mental Rotation task is related to differences in the nature of the tasks. The
Mental Rotation task required more spatial computation than the Block Design Matching
task. The latter task only required children to determine if two visual representations
were the same or not. The Mental Rotation task required children to process and
compute results from a visual representation, then compare those results to an imagined
representation. Another reason for the difference might be that other abilities, in addition
to visual-spatial skills, are required to successfully perform mental rotation, such as
working memory, visual memory, or concentration; the children who have received a
heart transplant might have difficulties in one or more of these areas. Kirshbom et al.
(2005) did not observe any memory deficits in their study, although they did note some
difficulties with attention on one test. The children who had received a heart transplant
appeared to attend well during the individually administered measures, although a few
got somewhat restless during the computerized visual-spatial tasks. However, some of
the nonclinical children also appeared to have occasional difficulties with attention
during the computerized tasks, as well. In addition, because the stimuli used in the
Mental Rotation task were letters, the task might have required some verbal or language
skills. Several studies have noted deficits in language abilities (Baum et al., 2004; Freier
et al., 2004; Ikle et al., 2003; Mahle et al., 2006; Wray et al., 2001). However, only three
letters were used, and they were presented singly; no higher-order language processing
was needed. In addition, all children had completed at least one full school year of
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kindergarten, suggesting that they were all familiar with letters. Another alternative
explanation could be that the speed-accuracy trade-off was more pronounced with the
Mental Rotation task because of the longer time required to respond; response times,
overall, were slower for the Mental Rotation task than for the Block Design Matching
task. However, the correlation between response time and accuracy was not significant,
so this seems unlikely.
In summary, the most likely explanation for the lower accuracy on the Mental
Rotation task by the children who had received a heart transplant is probably that the task
is simply more difficult than the Block Design Matching task. These children’s visualspatial abilities appear to be intact for less complex tasks, including the individually
administered measures, but these skills seem to be somewhat impaired for the most
complex tasks that require manipulation and not just recognition.
The fourth hypothesis of the study related to response times on the computerized
visual-spatial tasks. Hypothesis four-a stated that the children who had received a heart
transplant would respond more slowly than the nonclinical children on the Block Design
Matching task. This hypothesis was not supported; the children’s response times were
similar. Hypothesis four-b proposed that the children who had received a heart transplant
would have increasing response times as the complexity of the designs increased. This
was also not supported. All of the children had slower response times with increasing
complexity of the designs, but the children who had received a heart transplant showed
response times that increased at a level consistent with that of the children in the
nonclinical group.
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Hypothesis four-c stated that the children who had received a heart transplant
would respond more slowly than the nonclinical children to the Mental Rotation task.
This hypothesis was not supported. Significant main effects were found for each of the
characteri stics of the task - whether the stimulus was a mirror or not, which letter was
presented, and the degree of rotation, but no main effects were found for group. The
children who had received a heart transplant responded about as quickly as the children in
the nonclinical group.
One possible explanation for the lower accuracy level but similar response times
on the Mental Rotation task is that this task was more difficult for the children who had
received a heart transplant than for the children in the nonclinical group, but that this is
only evident in the accuracy data because of the speed-accuracy tradeoff. That is, the
children who had received a heart transplant tended to respond somewhat faster, but with
significantly lower accuracy, as compared to the nonclinical children. Thus, it might be
the case that if the children in the two groups had responded at a similar level of
accuracy, the response times would have been slower for the children who had received a
heart transplant. However, the correlation between accuracy and response time was not
significant, indicating that this possibility is unlikely.
Another possibility is that any difference between the groups was obscured by the
adjustments made to the data. The adjustments were made in order to eliminate some of
the problematic data and to increase the number of participants whose data could be
included in the analyses. Although the changes also might have eliminated useful data, it
seems unlikely. The original mixed design ANOVA with only 18 participants showed
significant main effects for the degree of rotation and for whether the stimulus was a
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letter or a mirror. These main effects were not lost; they were also seen in the separate
ANOVAs with more participants included. However, no main effect for group was seen
in either the original mixed design ANOVA or in the separate ANOVAs.
Overall, these results suggest that the children who received a heart transplant
might have had greater difficulty with the visual-motor tasks than with the visual-spatial
tasks. On the visual-motor tasks, their scores were significantly below those of both the
children in the nonclinical group and the tests’ normed means. On the visual-spatial
tasks, their scores were significantly below those of the children in the nonclinical group,
but they were not significantly different from the tests’ normed means. On the
computerized visual-spatial tasks, they were similar to the children in the nonclinical
group in three of the four areas, differing only in their accuracy on the Mental Rotation
task. Thus, although they may have had somewhat greater difficulty with visual-spatial
tasks, particularly the more complex tasks, the visual-motor tasks seem to have been
particularly challenging for the children who had received a heart transplant.
The medical variables were used in exploratory analyses. There were several
correlations that showed medium-to-large effect sizes. The medical variables related to
the mean arterial pressure during the heart transplant surgery tended to correlate strongly
with the measures administered in this study. In addition, two medical variables
correlated at .3 or higher with four of the eight measures (not the same four) - the
minimum bypass flow rate during surgery (in cc’s per kg per minute) and the lowest pH
recorded during the hospital stay. However, for most of the medical variables, there did
not seem to be a consistent pattern to the relationships; in fact, two of the medical
variables showed correlations of at least a medium effect size that were positive with one
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measure and negative with another - these were cooling time and maximum bypass flow
rate (in liters per minute). Of the measures used in the study, the VMI Developmental
Test of Visual Perception correlated at .3 or higher with the most medical variables
(eight). Overall, the medical variables used in this study do not appear to have had a
significant impact on the skills measured. However, it is important to note that this
study’s small sample size resulted in relatively low statistical power. Thus, some of these
medical variables might, in fact, relate significantly and consistently to visual-motor and
visual-spatial skills, and a larger study with more statistical power could find these
relationships.
Limitations
One limitation of the study is that no information was collected about the SES of
the children. Because the children in the nonclinical group were primarily recruited from
a private school, it is possible that many of them are from a higher SES than the children
who underwent cardiac surgery. Thus, some of the differences seen between the groups
on the visual-motor and visual-spatial tasks may have been due to the secondary
influences of a higher SES.
Another limitation of the study is that it was not possible to directly compare the
children’s visual-spatial functioning to their visual-motor functioning. It is difficult to
compare scores obtained on different measures; although standard scores are given for
each of the measures used, these scores are based on different norm groups for different
tests. In addition, the scores for these measures were highly correlated, and a factor
analysis revealed that they did not constitute two separate factors.
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An important limitation of the study is the relatively small number of children in
the comparison and clinical groups. The number of children who had undergone heart
repair surgery who agreed to participate in the study was very small; there were so few of
them that it was not reasonable to include them in the analyses. For the children who had
undergone a heart transplant, there were not many who still live in the area. Thus, the
sample size for this group was relatively small, and the analyses lacked statistical power.
In particular, because of concerns about guessing, and because of a significant amount of
missing data (due to slow and inaccurate responses), analysis of the response times on the
Mental Rotation task was difficult. Furthermore, it was difficult to observe consistent
relationships between the medical variables and the measures used, due again to the small
number of children who had received a heart transplant. However, other studies have
found relationships between these medical variables and cognitive outcome measures,
and they should be included in future research (Baum et al., 2004; Gardner, 2004).
Significance of the Study
This study attempted to provide information about whether the difficulty with
visual-motor tasks by children who have had a heart transplant, previously noted in the
literature (Freier et al., 1998), is due to problems with visual-spatial skills or to problems
with visual-motor skills or both. The current data suggest that the visual-motor tasks
appear to be harder for these children.
In addition, for the computerized visual-spatial tasks, the Mental Rotation task
appeared to be more difficult than the Block Design Matching task. For all of the
children, the accuracy was lower and the response times were longer. It is only on this
apparently more difficult task that the children who have had a heart transplant showed
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signs of impaired performance, and only on the accuracy. Their difficulty with this task
might be due to differences in the nature of the visual-spatial processing required, or to
other skills needed for the task, such as working memory or visualization skills (i.e. for
mental rotation, they need to be able to visualize the letter in order to imagine turning it
right-side-up).
Volpe (2001) noted that parasaggital cerebral injury is sometimes associated with
“disturbances in the areas of the development of language or of visual-spatial abilities or
both” (p. 361). The data from this study suggest the possibility that if, indeed, the
hypoxia experienced before or during the heart transplant operation has resulted in
parasaggital cerebral injuries for some of the recipients, then the difficulty in this
population might more accurately be described as primarily a deficit in the development
of visual-motor abilities, rather than visual-spatial. If the children who received a heart
transplant do have deficits in their visual-spatial abilities, perhaps these are likely to be
evident primarily on tasks that require significant mental computations and a speeded
response, in addition to simply taking in visual-spatial information. The Spatial Relations
subtest, which is untimed, requires some mental rotation of shapes, but the mean score
for the children who had received a heart transplant was in the Average range, according
to the test norms.
Regarding gender differences on the visual-spatial tasks, the literature, as noted
above in the methods section, has been inconsistent in its findings. Some studies have
found an advantage on mental rotation tasks for boys (e.g. Johnson & Meade, 1987;
Merriman, Keating, & List, 1985; Levine, Huttenlocher, Taylor, & Langrock, 1999;
Vederhus & Krekling, 1996); whereas other studies have not found any gender
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differences (e.g. Karadi, Szabo, Szapesi, Kallai, & Kovacs, 1999; Roberts & Bell, 2000;
Platt & Cohen, 1981). This study found no gender differences in the performance of the
computerized visual-spatial tasks. Girls and boys both performed at a similar level of
accuracy and with similar response times.
Clinical Implications
When considering the results of a research study and the potential impact on
rehabilitative work with the children and families, it is important to focus on the strengths
of the children. This study suggests that the children who have received a heart
transplant tend to have adequate visual-spatial skills, particularly when the task is not
overly complex. This is a strength that could be used to help them learn to compensate
for any difficulties with visual-motor skills. One possibility is that the children who have
difficulty with complex visual-spatial tasks could learn strategies to break down the
complex tasks into smaller steps. Also, knowing more precisely where any difficulty lies
can facilitate better directed interventions. Of course, there is significant variability
within the group of children who have received a heart transplant; some have skills in the
expected range, whereas others show significant deficits.
Future Directions
One possible contribution of future research could be to provide additional
information about which aspects of the Mental Rotation task made it more difficult than
the Block Design Matching task, particularly for children who may have experienced
parasaggital cerebral injury. It could be helpful to determine whether such an injury is
associated with difficulties with processing speed, working memory, or visualization. In
addition, future research would benefit from efforts to control other factors that might
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affect cognitive functioning, such as SES. Also, a larger study could provide more
information about which medical variables are related most strongly to cognitive
outcome measures; due to the difficulty of finding children who have received a heart
transplant, it might need to involve several hospitals. We are currently involved in such a
project (e.g. Mahle et al., 2006). Finally, comparing the visual-spatial and visual-motor
abilities of other populations with parasaggital cerebral injuries could help to determine
the generalizability of the results of this study.
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J^ma oQnda 'University
IN30 Afirtmim Utrtt!
Lcmo U*d<?, California 92350
(9093473-8577
FAX: (909) 478-4171

Gradvfitc School
Department ofPsycholo^

September 4,1998
Aurelio Pitfitera, Ph-D.
Vice President
The Psychological Corporation
555 Academic Court
San Antonio, Texas 78204-2498
Dear Dr. Prifitera,
It was very nice to see you again at APA this past August This letter is
sent to follow-up on our conversation regarding a study that we are
conducting with the heart transplant children here at Loma Linda University.
As I mentioned to you we found that these children presented with
visual-spatial/ visual-motor difficulties. We presented these findings at APA
this year in a poster session. I have enclosed a copy of the poster for you. In
order to address whether this deficit is visual-motor or whether it involves
the visuospatial representation system we have replicated a block design-like
task to be done on the computer. In this task we will ask subjects to identify if
the designs are the /same/ or 'different. This task is based on the designs in
the WISG-ffl Block Design subtest
We believe that this study will provide very important information
regarding the developmental issues in transplantation. The computer task
will allow us to make inferences regarding location and type of deficit As we
discussed at APA the block design-like task is for research purposes only and
will be used only for the research question described here. This letter is
intended to formally inform The Psychological Corporation of this block
design-like task. If there are any concerns regarding this task or the study
please let me know ASAP as we are looking to accomplish this study in the
next few months.

A SEVENTH-PA yadventist hem. th sciences institution

After completion of the study, I will send you information regarding
the results and conclusions. We had talked briefly about putting the results
in Psychological Corporation's newsletter, 1 would certainly like to consider
that once the study is complete. Thank you for your time and consideration
of this matter.
Sincerely,

Acting Chair
Associate Professor of Psychology & Pediatrics
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Informed Consent Form for Children Who Have Had Heart Surgery
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(909) 558-3577
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Graduate School
Department of Psychology

INFORMED CONSENT
Visual-Spatial and Visual-Motor Functioning in Pediatric Heart Transplant Recipients:
Are There Difficulties?
Dear Parent / Guardian:
Your child is invited to participate in a research study because s/he is in one of two
groups: (1) children who have received a heart transplant or undergone reparative heart surgery
during the first year of life, or (2) children who are healthy'with no medical complications
before, during, or after birth.
Purpose and Procedures
One purpose of this research is to study the visual-spatial (how the brain gets information
from the eyes) and visual-motor (similar to hand-eye coordination) functioning of children who
have received a heart transplant or undergone reparative heart surgery during the first year of
life. By comparing the work of these children to the work of children with no medical
complications, this research will study whether these children have unusual difficulty with these
types of tasks. Another goal of this study is to compare children’s performances on various
measures of visual-spatial (eye-brain) and visual-motor (hand-eye) functioning, including two
computer tasks.
Participation in this study involves completing several different tasks. Some of them will
be easier, but others will be harder, more like demanding homework or a school test The first
task is for your child to look at a picture and decide which part is missing. The second task
involves answering basic knowledge questions. The third task is to use red-and-white blocks to
construct a design like a model. The fourth task is to decide which lines point to a target. The
fifth task is to use a pencil to copy shapes on a piece of paper. The sixth task is to match
pictures. The seventh task is to match pictures or to find one that is different. The eighth task is
to use red blocks to construct a three-dimensional shape similar to a model. The final task is to
complete two computer activities, deciding whether designs shown on the screen are the same or
different. Participation in this study will take approximately 60-90 minutes.
For those children who have had a heart transplant or have undergone reparative heart
surgery, information from medical records will be obtained. Some of the information needed
relates to the events of your child’s surgery, such as age at the time of surgery and the amount of
time spent in cardiopulmonary bypass and cardiac arrest during the operation. Other information
collected will be your child’s size at birth and at the time of surgery, whether your child was
LOMA LINDA UNIVERSITY
INSTITUTIONAL REVIEW BOARD
APPROVED ^UsWfVOID AFT R -xA \ ^ voptf
CHAIR v

Parent/Guardian Initials

Date
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bom prematurely, and his/her Apgar scores at birth. Information will also be obtained about any
time spent being intubated, the number of days spent in the hospital, and medications used. The
results of lab tests will also be gathered. Finally, any other surgeries before or after the
transplant/repair will be noted. For those who have had a transplant, additional information will
be collected - the waiting time before the surgery, the weight of the heart donor, any rejections,
any infections, or serious events. This information will be used to see if relationships exist
between any of this medical information and the children’s performance on the tasks. This
information will be seen and used only by people working on the study. If the information is
later disclosed, it would not be identified with a particular person. Only information about
groups would be disclosed, such as a group average or noting that a certain number or percentage
of participants had a medical experience in common.
Risks
Your child may become frustrated if s/he has difficulty completing some of the tasks. If
this happens, your child will be reassured that s/he is not expected to know all the answers or be
able to do all of the tasks correctly.
Benefits
the benefits to you are that if your child has significant difficulty with visual-spatial
(eye-brain) and/or visual-motor (hand-eye) functioning, this information will be shared with you
so that appropriate referrals can be made. The benefits to humanity are a better understanding of
visual-spatial (eye-brain) and visual-motor (hand-eye) functioning, particularly in children who
have received a heart transplant or undergone reparative heart surgery.
Participants’ Rights
Participation in this study is voluntary. Your decision whether or not to participate or
terminate at any time will not affect your child’s present or future medical care.
Confidentiality
All results are strictly confidential. All data is kept in a locked filing cabinet and can be
accessed only by authorized research personnel.
Additional Costs
There is no cost to you for participating in this study.
Reimbursement
Your child will receive a gift certificate in the sum of $ 10.00 for participating in this
study.

T

Impartial Third Party Contact
If you wish to contact an impartial third party not associated with this study regarding
any question or complaint you may have about the study, you may contact the Office of Patient
Relations, Loma Linda University Medical Center, Loma Linda, CA 92354, phone (909) 5584647 for information and assistance.
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Informed Consent Statement
I have read the contents of the consent form and have listened to the verbal explanation
given by the investigator. My questions concerning this study have been answered to my
satisfaction. I hereby give voluntary consent for my child to participate in this study. Signing
this consent document does not waive my rights nor does it release the investigators, institution
or sponsors from their responsibilities. I may call Kiti Freier, Ph.D. during routine office hours
at (909) 558-8725 if I have additional questions or concerns. If my child is a student at Loma
Linda Elementary School, I may also contact Mrs. Morgan at (909) 796-0161, ext. 1300.
I have been given a copy of this consent form.
Signatures
This protocol has been explained to my child at a level that s/he can comprehend and I give my
consent for my child to participate in the study.

Please print child’s name

Date

Signature of parent or guardian

I have reviewed the contents of this consent form with the person signing above. I have
explained potential risks and benefits of the study.

Signature of investigator

Phone Number

Date
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Appendix C

Informed Assent Form for Children

j£oma

*Qnda Z/niversity
1U30 Anderson Street
Lomo Linda, California 92350
(909)558-8577
FAX: (909) 558-0171

Graduate School
Departinent of Psychology

Do Children Who Had a Heart Transplant Have a Hard Time
Looking at and Working with Shapes, Lines, and Patterns?

Will you help us with a study? We want to learn about how children look at and work
with shapes, lines, and patterns. You will be asked to do several different things, like answer
questions, look at pictures, copy shapes, build designs, and do computer tests about shapes.
These activities will take about an hour or an hour-and-a-half to finish. Some of them may be
easier, but many of them will be harder, more like tests in school or hard homework.
Some of the things you will be asked to do may be pretty hard for you. Please remember
that you are not supposed to know all of the answers or be able to do everything. Still, it may be
frustrating at times. You may stop any time you want if you are too frustrated or for another
reason.
If you have had surgery on your heart, some of your medical records will be looked at.
This includes results of blood tests, things the doctors and nurses did, how long you stayed in the
hospital, whether you were unusually sick, and medicines you have taken.
Your help in this study is totally up to you. If you have a harder time with the activities
than most children your age, your parents will be told so that they can find someone who will
help you leam to do them more easily. Otherwise, how well you do on the activities will not be
shared with anyone who is not working on this research study.
If you have read this form, agree to help in the study, and have had all of your questions
answered by one of the assistants, please sign your name at the bottom. We thank you for letting
us tell you about this study.

Signature of student

Date
I0/IM LINDA UNIVERSITY
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Appendix D

Screening Questionnaire
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Screening Questionnaire
1.

If you are interested in participating in this study, please write your name, your
child’s name, your phone number, and a good time to reach you. A graduate
student will call you to discuss the study and answer any questions you may have.
Name:
Child’s name:
Phone number and time:

2.

What is your child’s date of birth? ______________________

3.

Was your child bom full term? If not, how early was he or she?

4.

Were there any medical complications for your child before or during birth? If
so, what were they?_____________________________________________

5.

Has your child had any medical or health complications, including accidents or
serious injuries, since birth? If so, what were they?____________________

6.

Is your child currently taking any medications, either prescription or over-thecounter? If so, what are they?____________________________________

7.

Does your child speak fluent English (necessary for some of the tasks)?
Yes

8.

No

How would you describe your child’s race/ethnicity?_______________

Thank you for answering these questions. You will be contacted at your convenience for
more information about this study.
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Recruiting Notice Posted in Physicians’ Offices
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The Loma Linda University
Departments of Psychology and Pediatrics
invite healthy children, 6-9 years of age,
to participate in a study of how visual information is
taken in and thought about.
In addition, we will look at how
responses to this information are made.
If you are interested in having your child
participate in this 60-90 minute study,
please call
Kiti Freier, Ph.D., pediatric psychologist, or Stephanie
Griffone, M.A., psychology graduate student,
at (909) 558-7290.
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Permission Letter from Loma Linda Elementary School

Loma Linda Academy
Eternal principles . . . intelligent choices

February 24, 2003

TO WHOM IT MAY CONCERN:
The Administrative Council of Loma Linda Academy voted to approve the
proposal by Dr. Kiti Freier, Dr. Paul Haerich and Ms. Stephanie Griffone to
use elementary students in their study on “Visual-Spatial and Visual-Motor
Functioning in Pediatric Heart Transplant Recipients: Are there
Difficulties?”
We will work out the logistics with Dr. Freier on distributing information to
parents and students participating in the study. We look forward to working
with your department.
Please contaet me if you have any questions.
Sincerely,

Mary Morgan
Director of Elementary Student Services

A Seventh-day Adventist Elementary, Junior High & High School
10656 Anderson Street ♦ Loma Linda, California 92354-2199 ♦ (909) 796-0161
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Letter Sent to Parents of Children at the Elementary School

jQma Jjnda 'University
11130 A nderson Street
Loma Linda, California 92350
(909)558-8577
FAX: (909) 558-0171

Graduate School
Department of Psychology

Fall, 2004
Dear parent or guardian;
I am a graduate student at Loma Linda University, working on a Ph.D. in clinical psychology.
For my dissertation, I am conducting a research study on the visual-spatial (how the brain gets
information from the eyes) and visual-motor (similar to hand-eye coordination) skills of children
who have had heart surgery. I also need to include children who have not had any significant
health problems. Children who are between 6 and 9 years of age and have not had any serious
health problems are invited to participate. The study activities involve asking the children to
give definitions for words, finding a missing part in a picture, two computer tasks matching
shapes, two tasks using blocks to build a design like a model, a short drawing exercise, and three
visual tasks asking the child to choose the correct option. Some of the tasks may be easier, but
others will be harder, more like demanding homework or a school test. Altogether, these will
take about 60-90 minutes to complete, and this will be done at Loma Linda Elementary school or
at the Psychology Department, depending on scheduling and availability. As a thank you, your
child will be given a $10 gift certificate to Wal-Mart for their participation in the study. If you
are willing for your child to participate, and if your child is willing to participate, please return
the enclosed Informed Consent form and Screening Questionnaire to the Elementary Office. If
you have any questions or concerns, please call Stephanie Griffone or Dr. Freier at Kids
F.A.R.E.; the phone number is (909) 558-7290. You may also contact Mrs. Morgan at (909)
796-0161, ext. 1300.
Sincerely,
Stephanie Griffone, M.A.
Psychology Trainee

Paul Haerich, Ph.D.
Professor of Psychology
Research Supervisor

■Aj

o-n

Mary Morgan
Director of Elementary Student Services

A SEVENTH-DAY ADVENTIST HEALTH SCIENCES INSTITUTION
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Letter from Administration Included with Letter Sent to Parents of Children at the
Elementary School

Loma Linda Academy
Eternal principles . . . intelligent choices

September 21, 2004

Dear Parents,
The Administrative Council has approved for Graduate Students at Loma Linda
University to contact our elementary students to participate in a research study. The
enclosed paperwork explains in detail what would be involved if you choose to allow
your child to participate. This study will be conducted on the Elementary campus during
the next few weeks. Again, your child’s participation is voluntary.
We hope you will carefully consider the information presented and we look forward to
having our school and students provide information to further the care of children.
Sincerely,

Bill Arnold
Elementary Principal

A Seventh-day Adventist Elementary, Junior High & High School
10656 Anderson Street ♦ Loma Linda, California 92354-2199 ♦ (909) 796-0161
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Informed Consent Form for Children in the Nonclinical Group

Jjma jQnda 'University
Graduate School
Department of Psychology

INFORMED CONSENT
Visual-Spatial and Visual-Motor Functioning in Children

11130 Anderson Stmt
Loma Linda, California 92350
(909)558-8577
FAX: (909) 558-0171

Dear Parent / Guardian:
Your child is invited to participate in a research study because s/he is healthy with no
medical complications before, during, or after birth. This study is part of a larger research study
which will compare the results of healthy children with those who have received a heart
transplant or undergone reparative heart surgery during the first year of life.
Purpose and Procedures
One purpose of this research is to study the visual-spatial (how the brain gets information
from the eyes) and visual-motor (similar to hand-eye coordination) functioning of children who
have received a heart transplant or undergone reparative heart surgery during the first year of
life. By comparing the work of these children to the work of children with no medical
complications, this research will study whether these children have unusual difficulty with these
types of tasks. Another goal of this study is to compare children’s performances on various
measures of visual-spatial (eye-brain) and visual-motor (hand-eye) functioning, including two
computer tasks.
Participation in this study involves completing several different tasks. Some of them will
be easier, but others will be harder, more like demanding homework or a school test. The first
task is for your child to look at a picture and decide which part is missing. The second task
involves answering basic knowledge questions. The third task is to use red-and-white blocks to
construct a design like a model. The fourth task is to decide which lines point to a target. The
fifth task is to use a pencil to copy shapes on a piece of paper. The sixth task is to match
pictures. The seventh task is to match pictures or to find one that is different. The eighth task is
to use red blocks to construct a three-dimensional shape similar to a model. The final task is to
complete two computer activities, deciding whether designs shown on the screen are the same or
different. Participation in this study will take approximately 60-90 minutes.
For those children who have had a heart transplant or have undergone reparative heart
surgery, information from medical records will be obtained. This information will be used to see
if relationships exist between any of this medical information and the children’s performance on
the tasks. This information will be seen and used only by people working on the study. If the
information is later disclosed, it would not be identified with a particular person. Only
information about groups would be disclosed, such as a group average or noting that a certain
number or percentage of participants had a medical experience in common.

LOMU LINDA VNIVEIISITY
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Risks

Your child may become frustrated if s/he has difficulty completing some of the tasks. If
this happens, your child will be reassured that s/he is not expected to know all the answers or be
able to do all of the tasks correctly.
Benefits
The benefits to you are that if your child has significant difficulty with visual-spatial
(eye-brain) and/or visual-motor (hand-eye) functioning, this information will be shared with you
so that appropriate referrals can be made. The benefits to humanity are a better understanding of
visual-spatial (eye-brain) and visual-motor (hand-eye) functioning, particularly in children who
have received a heart transplant or undergone reparative heart surgery.
Participants’ Rights
Participation in this study is voluntary. Your decision whether or not to participate or
terminate at any time will not affect your child’s present or future medical care.
Confidentiality
All results are strictly confidential. All data is kept in a locked filing cabinet and can be
accessed only by authorized research personnel.
Additional Costs
There is no cost to you for participating in this study.
Reimbursement
Your child will receive a gift certificate in the sum of $10.00 for participating in this
study.
Impartial Third Party Contact
If you wish to contact an impartial third party not associated with this study regarding
any question or complaint you may have about the study, you may contact the Office of Patient
Relations, Loma Linda University Medical Center, Loma Linda, CA 92354, phone (909) 5584647 for information and assistance.
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Informed Consent Statement
I have read the contents of the consent form and have listened to the verbal explanation
given by the investigator. My questions concerning this study have been answered to my
satisfaction. I hereby give voluntary consent for my child to participate in this study. Signing
this consent document does not waive my rights nor does it release the investigators, institution
or sponsors from their responsibilities. I may call Kiti Freier, Ph.D. during routine office hours
at (909) 558-8725 if I have additional questions or concerns. If my child is a student at Loma
Linda Elementary School, I may also contact Mrs. Morgan at (909) 796-0161, ext. 1300.
I have been given a copy of this consent form.
Signatures
This protocol has been explained to my child at a level that s/he can comprehend and I give my
consent for my child to participate in the study.

Please print child’s name

Date

Signature of parent or guardian

I have reviewed the contents of this consent form with the person signing above. I have
explained potential risks and benefits of the study.

Signature of investigator

Date

Phone Number
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Appendix J

Correlations Between Medical Variables and All Measures Administered.
VMI

Medical
Variable

Cooling
time

Cooling
rate in
°C/min

Warming
time

Bypass
time

Infod

Block Spa
Design Rele

0.14

-0.31

0.03

0.24

0.21

-0.17

0.15

0.54

Pf

0.68

0.35

0.93

0.48

0.54

0.61

0.66

*0.09

r

-0.18

0.21

-0.07

-0.14

-0.14

0.27

-0.07

-0.44

0.60

0.54

0.84

0.68

0.69

0.43

0.84

0.18

-0.02

-0.19

-0.05

-0.17

-0.13

-0.10

0.23

0.09

0.96

0.58

0.88

0.63

0.70

0.77

0.49

0.79

r

-0.08

-0.01

-0.03

-0.05

0.12

0.03

-0.16

0.11

/?f

0.82

0.97

0.93

0.88

0.73

0.93

0.65

0.74

r

-0.09

-0.35

-0.19

-0.02

0.00

-0.22

0.22

0.14

0.80

0.30

0.58

0.96

0.99

0.52

0.51

0.67

0.22

0.48

-0.10

0.02

0.25

0.35

-0.19

-0.24

0.52

0.13

0.76

0.94

0.46

0.29

0.57

0.47

P
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P
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time
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VMI

Medical
Variable

Low mean
arterial
pressure

Minimum
bypass
flow rate
in 1/min
Minimum
bypass
flow
rate in
cc/kg/min
Maximum
bypass
flow rate
in 1/min
Maximum
bypass
flow
rate in
cc/kg/min

Arrows Block Pic
Consb Comc

Infod

Block Spa
Design Rele

r

0.51

0.59

0.36

0.17

0.30

0.35

-0.14

-0.26

pg

0.16 *0.10

0.34

0.67

0.43

0.35

0.72

0.50

0.38

-0.15

0.17

0.28

0.34

0.08

0.39

0.34

0.31

0.70

0.66

0.46

0.37

0.83

0.30

0.37

r

0.61

0.09

0.22

0.55

0.62

0.12

0.42

0.39

p'1'

*0.06

0.80

0.54

*0.10

*0.05

0.74

0.23

0.27

r

0.27

0.40

0.44

0.25

0.04

0.05

-0.23

-0.32

ph

0.45

0.25

0.20

0.49

0.92

0.89

0.52

0.36

r

0.37

0.55

0.37

0.34

0.13

0.21

-0.13

-0.25

P*

0.29 *0.10

0.29

0.34

0.73

0.57

0.73

0.49

High mean r
arterial
pg
pressure

Average
mean
arterial
pressure

Visa

r

-0.18

-0.38

0.37

0.05

-0.26

-0.26

0.07

-0.09

ph

0.63

0.28

0.29

0.90

0.46

0.48

0.84

0.81

r

0.17

0.08

0.29

0.54

0.02

0.08

0.41

0.07

Ph

0.63

0.83

0.42

*0.10

0.97

0.82

0.24

0.85
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VMI

Medical
Variable

Arrows Block Pic
Consb Comc

Infod

Block Spa
Design Rele

0.04

0.24

-0.06

0.07

-0.01

0.17

0.20

-0.03

0.91

0.48

0.86

0.84

0.97

0.63

0.55

0.93

Lowest pH r

0.53

0.63

-0.22

0.17

0.86

0.47

-0.07

-0.13

P

0.28

0.18

0.68

0.75

**0.03

0.35

0.90

0.80

r

-0.36

-0.29

-0.03

0.19

-0.02

-0.34

-0.28

-0.18

0.31

0.42

0.94

0.59

0.96

0.34

0.43

0.62

Days in
hospital
post
transplant

Birth head
circum
ference

r

Visa
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P

f

aVMI Developmental Test of Visual Perception. bBlock Construction. cPicture
Completion, information. eSpatial Relations. f« = 11. g« = 9. h« = 10. xn = 6.
* p < 0.1. ** /? < .05.

